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HIV INTEGRASE INHIBITORS 
BACKGROUND OF THE INVENTION 

5 

Human inununodeficiency virus (HIV) has been identified as the 
etiological agent responsible for acquired immune deficiency syndrome 
(AIDS), a fatal disease characterized by destruction of the immune system 
and the inability to fight off life threatexung opportunistic infections. Recent 

10 statistics (UNAIDS: Report on the Global ffiV/ AIDS Epidemic, December 
1998), indicate that as many as 33 million people worldwide are infected with 
the virus. In addition to the large number of individuals already infected, the 
virus continues to spread. Estimates from 1998 point to close to 6 million 
new infections in that year alone. In the same year there were approximately 

15 2.5 million deaths associated with HIV and AIDS. 

There are ciu:rently a ntimber of antiviral drugs available to combat 
the infection. These drugs can be divided into three classes based on the viral 
protein they target and their mode of action. In particular, saquinavir, 
indinavir, ritonavir, nelfinavir and amprenavir are competitive inhibitors of 

20 the aspartyl protease ej^ressed by HIV. Zidovudine, didanosine, stavudine, 
lamivudine, zalcitabine and abacavir are nucleoside reverse transcriptase 
inhibitors that behave as substrate mimics to halt viral cDNA synthesis. The 
non-nudeoside reverse transcriptase inhibitors, nevaripine, delavaridine and 
efavirenz inhibit the synthesis of viral cDNA via a non-competitive (or 

25 imcompetitive) mechanism. Used alone these drugs are effective in redudng 
viral replication. The effect is only temporary as the virus readily develops 
resistance to aU known agents. However, combination therapy has proven 
very effective at both reducing virus and suppressing the emergence of 
resistance in a ntimber of patients. In the US, where combination therapy is 

30 widely available, the number of HIV-related deatiis has declined (Palella, F. 
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J.; Delany, K. M,; Moorman, A. C; Loveless, M. O.; Furher, J.; Satten, G. A.; 
Aschman, D. J.; Holmberg, S. D. N. Engl J. Med. 1998, 338, 853). 

Uitf ortunately, not all patients are responsive and a large ntunber fail 
this therapy. In fact, approximately 30-50% of patients ultimately fail 

5 combination therapy. Treatment failure in most cases is caused by the 

emergence of viral resistance. Viral resistance in turn is caused by the rapid 
turnover of HIV-1 during the course of infection combined with a high viral 
mutation rate. Under these circumstances incomplete viral suppression 
catxsed by insufficient drug potency, poor compliance to the complicated 

10 drug regiment as well as intrinsic pharmacological barriers to exposure 

provides fertile groxmd for resistance to emerge. More disturbing are recent 
findings which suggest that low-level replication continues even when viral 
plasma levels have dropped below detectable levels (< 50 copies/ml) 
(Carpenter, C. C. J.; Cooper, D. A.; Fischl, M. A.; Gatell, J. M.; Gazzard, B. G.; 

15 Hammer, S. M.; Hirsch, M. S.; Jacobsen, D. M.; Katzenstein, D. A.; Montaner, 
J. S. G.; Richman, D. D.; Saag, M. S.; Schecter, M.; Schoolery, R. T.; Thompson, 
M. A.; VeUa, S.; Yeni, P. G.; Volberding, P. A. JAMA 2000, 283, 381). Clearly 
there is a need for new antiviral agents, preferably targeting other viral 
enzymes to reduce the rate of resistance and suppress viral replication even 

20 further. 

HIV expresses three enzymes, reverse transcriptase, an aspartyl 
protease and integrase, all of which are potential antiviral targets for the 
development of drugs for the treatment of AIDS. However, integrase stands 
out as being tiie only viral enzyme not targeted by current therapy. The 
25 integrase enzyme is responsible for insertion of the viral cDNA into the host 
cell genome, which is a critical step in the viral life cycle. There are a number 
of discrete steps involved in this process including processing of the viral 
cDNA by removal of two bases from each 3'-terminus and joining of the 
recessed ends to the host DNA. Studies have shown that in the absence of a 



wo 2004/004657 PCTAJS2003/02 1371 

3 

functional integrase enzyme HIV is not inf ectiovis. Therefore, an inhibitor of 
integrase wotdd be useful as a therapy for AIDS and HIV inf ectiort 

A number of inhibitors of the enzyme have been reported. These 
include, nucleotide-based inhibitors, known DNA binders, catechols and 
5 hydrazide containing derivatives (Neamati, N. Expert Opin. Ther. Patents 

2002, 12, 709-724). Diketoamide HIV integrase inhibitors have been disclosed 
(WO 0316266, WO 0335076, WO 0335077, WO 02070486). However, no 
clinically approved compound has resulted from these leads. Thus, clinically 
effective inhibitors of HIV integrase would fulfill a therapeutic need. 

10 

SUMMARY OF INVENTION 

The present invention relates to compounds of Formula I, or 
pharmaceutically acceptable salts and solvates thereof 

15 

Formula I 

wherein R\ R^, R^ and are described as below. The invention 
includes compositions and methods of treatment using these compotmds. 

20 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention describes compoimds of Formula I, or 
pharmaceutically acceptable salts or solvates thereof 

25 
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I 



wherein: 



-phenyl substituted with 1-3 R*, 

-naphthyl, furanyl, thienyl, pyridyl, or imidazolyl unsubtituted or 

substituted with 1-3 R"*, 

-Ci-Ce alkyl-aryl unsubtituted or substituted with 1-3 R*, or 
-Ci-Cs alkyl-O-aryl unsubtituted or substituted with 1-3 R*; 



10 R2is 



-H, 

-Ci-Ce alkyl, 

-aryl unsubstituted or substituted with 1-3 R*, or 

-Ci-Ce alkyl aryl unsubstituted or substituted with 1-3 R*; 



15 R3is 



-Ci-Ce alkyl, 

-Ci-Cfi alkyl-aryl unsubstituted or substituted with 1-3 R, or 
-OR9; 

20 R* is independently selected from 

-halO/ 
-CN, 

-Ci-Ce alkyl, 
-Ca-Ce cycloalkyl, 
25 -Ci-Ce haloalkyl, 

-0R5, 
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5 

-CO2R6, 

-CON(R7)(R8), 
-SR5, 

5 -SOCi-Ceallgrl, and 

-SOzCi-Cealkyl; 

R5 and are independentiy selected from -H and -Ci-Ce aikyi} 

W and R8 are independentiy selected from -H and -Ci-Ce allcyl, or NR^^ is a 

heterocyde selected from pyrrolidine, piperidine, 
10 4-hydroxypiperidine, morpholine, thiomorpholine, piperazine, and 

4-methylpiperazine; 

R9is 

-H, 

-Ci-Cio alkyl, 
15 -Ci-a alkyl-aryl, 

-C2-C10 alkyl-OR5, 
-Ci-Cio alkyl-C02R6, 
-Ci-Cio alkyl-N(R7){R8), 
-Ci-Cio alkyl-CON(R7)(R8), or 
20 -Ci-Ce alkyl-heterocyde where the heterocycle is selected from 

pyrrolidine, piperidine, 4-hydroxypiperidine, morpholine, 
thiomorpholine, piperazine, 4-methylpiperazine, and 
thiazinanedioxide; 
fii is selected from the group consisting of 




plO Rio ^R11^^^ Rio ^Rl1 . 



RIO is 

-H, 
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-Ci-Ce alky], 
-cydoalkyl, 
-Ci-Ce alkyl-aiyl, 

-phenyl unsubstituted. or substituted with 1-3 R^, 
5 - benzofuran, dihydrobenzofuian^ beitzodioxane, or 

-heteioaryl selected from fuian, titiiophene, pyrrole, imidazole/ 
oxazole, thiazole, and pyridine; 

R"is 

-Ci-Ce alkyl, 
10 -qrdoalkyl, 

-aryl unsubstituted or substituted with 1-2 R"*, 

-Ci-Ce alkyl-aryl unsubstituted or substituted with 1-2 R*, 

-Ci-Q alkyl-heteroaryl where the heteroaiyl is selected from furan, 
thiophene, pyrrole, imidazole, oxazole, tihiazole, and pyridine, 
15 -Ci-Ce alkyl-NRTR^ 

-Ci-Q alkyl-ORS, 

-Ci-Ce alkyl-P(O)(0R6)2, 

-Ci-C6 alkyl-COaR^ or 

-Ci-Ce alkyl-C(0)N(R7)(R8); 

20 Ri2is 

halogen, 

-Ci-Ce alkyl, 

-C1-C2 haloaikyl, 

-C1-C3 thioallcyl, 

25 -OR13, 

tetrahydrofuran, 

dihydropyran, 
-NR7R8, 

-CO2R6, 
30 -CONR7R8, or 
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-CONHCHbPh where Ph is vinsiibstituted or substituted with 1-2 R*; 

Ri3is 

-H, 

-Ci-Ce alkyl, 
5 -Ci-O fluoroaUkyl, 

aUyl, 

propargyl, 
phenyl, 
benzyl, 
10 -COCi-Cealkyl, 

-CH2C02R^ or 
-CHaCONRTRS. 



In the present invention, imless otherwise specified the following 
15 definitions apply. 

The numbers in the subscript after the S5niibol "Q" define the number 
of carbon atoms a particular group can contain. For example, "Q,\<lt' means 
a substituent containing from one to six carbon atoms. 

As used herein, the term "alkyl'' means a saturated, straight chain or 
20 branched monovalent hydrocarbon radical having the stated number of 
carbon atoms. Examples of such alkyl radicals include methyl, ethyl, n- 
propyl, isopropyl, n-butyl, isobutyl, sec-butyl, t-butyl and, where indicated, 
higher homologies and isomers such as n-pentyl, n-hexyl, 2-methylpentyl 
and the like. Haloalkyl refers to an alkyl radical tihat is substituted with one 
25 or more halo radicals, such as trifluoromethyl. 

As used herein, the term "cycloalkyr' means a non-aromatic 3-6 
membered ring. Examples include, cydopropyl, cyclobutyl, cyclopentyl and 
cyclohexyl. 

Halo means chloro, bromo, iodo or fluoro. 
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"Aryl" means an aromatic hydrocarbon having from six to ten carbon 
atoms; examples include phenyl and napthyl, indenyl, azulenyl, fluorenyl 
and anthracenyl. 

The term "heterocyle" refers to a monocyclic saturated heterocyclic 
5 nuclei having 3-6 atoms containing 1-3 heteroatoms selected from nitrogen, 
oxygen or sulfur. Heterocydes include, for example, piperidinyl, 
piperazinyl, pyrroUdinyl and morpholinyL 

''Heteroaryl" means a five- or six-membered aromatic ring containing 
at least one and up to four non-carbon atoms selected from oxygen, sulfur 
10 and nitrogen. Examples of heteroaryl include 2-furyl, 3-furyl, 2-pyridyl, 3- 
pyridyl, 4-pyridyl, pyrazinyl, 2-thienyl, 3-fhienyl, pyrrolyl, oxazolyl, 
thiazolyl, imidazolyl, pyrazolyl, isoxazolyl, isothiazolyl, 1,2,3-oxadicizolyl, 
1,2,3-triazolyl, 1,3,4-thiadiazolyl, pyridazinyl, pyrimidinyl, 1,3,5-triazinyl and 
1,3,5-trithianyl. 

15 By virtue of its acidic moiety, where applicable, a compound of 

Formula I forms salts by the addition of a pharmaceutically acceptable base. 
Such base addition salts include those derived from inorganic bases which 
include, for example, alkali metal salts (e.g. sodiixm and potassimn), alkaline 
earth metal salts (e.g. calcium and magnesium), aluminimi salts and 

20 ammonium salts. In addition, suitable base addition salts include szdts of 
physiologically acceptable organic bases such as trimethylamine, 
triethylamine, morpholine, pyridine, piperidine, picoline, dicyclohexylamine, 
N,N'-dibenzylethylenediamine, 2-hydroxyethylamine, bis-(2- 
hydroxyettiyl)amine, tri-(2-hydroxyethyl)amine, procaine, 

25 dibenzylpiperidine, N-benzyl-phenethylamine, dehydroabietylamine, N,N'- 
bishydroabietylamine, glucamine, N-methylglucamine, colHdine, quinine, 
quinoline, ethylenediamine, ornithine, choline, N,N'-benzylphenethylamine, 
chloroprocaine, diethanolamine, diethylamine, piperazine, 
tris(hydroxymethyl)aminomethane and tetramethylammonitun hydroxide 



wo 2004/004657 PCT/US2003/021371 

9 

and basic amino aids such cis lysine, arginine and N-methylglutamine. These 
salts may be prepared by methods known to those skilled in the art 

Salts of an amine group may also comprise quaternary ammonitim 
salts in which the amino nitrogen carries a suitable organic group such as an 

5 alkyl, alkenyl, alkynyl or aryl moiety. 

Compounds of Formula I which are substituted with a basic group 
may exist as salts formed through acid addition. The acid addition salts are 
formed from a compound of Formula I and a pharmaceutically acceptable 
inorganic acid, including but not limited to hydrochloric, hydrobromic, 

10 hydroiodic, sulfuric, phosphoric, or an organic add such as p- 

toluenesulf onic, methanesulf onic, acetic, benzoic, citric, malonic, fumaric, 
maleic, oxalic, succinic, sulfamic, or tartaric. Thus, examples of such 
pharmaceutically acceptable salts include chloride, bromide, iodide, sulfate, 
phosphate, methanesulf onate, citrate, acetate, malonate, fumarate, sulfamate, 

15 and tartrate. 

Certain compounds of Formula I, and their salts, may also exist in the 
form of solvates with water, for example hydrates, or with organic solvents 
such as methanol, ethanol or acetonitrile to form, respectively, a methanolate, 
ethanolate or acetonitrilate. The present invention includes each solvate and 

20 mixtures thereof. 

In addition, a compoimd of Formula I, or its salt or solvate, may 
exhibit polymorphism. The present invention also encompasses any such 
polymorphic form. 

Certain compounds of Formula I may contain one or more chiral 

25 centers and exist in different optically active forms. When compoimds of 

Formula I contain one chiral center, the compounds exist in two enantiomeric 
forms. The present invention includes both enantiomers and mixtures of 
enantiomers such as racemic mixtures. The enantiomers may be resolved by 
metiiods known to those skilled in the art, for example, by formation of 

30 diastereoisomeric salts which may be separated by crystallization, gas-liquid 
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or liquid chromatography, selective reaction of one enantiomer with an 
enantiomer-spedfic reagent. It wiQ be appreciated that where the desired 
enantiomer is converted into another chemical entity by a separation 
technique, then an additional step is reqvdred to form the desired 
5 enantiomeric form. Alternatively, specific enantiomers may be synthesized 
by asymmetric synthesis using optically active reagents, substrates, catalysts 
or solvents, or by converting one enantiomer into the other by asymmetric 
transformatioii- 

Certain compounds of Formula I may also exist in different stable 

10 conformational forms which may be separable. Torsional asymmetry due to 
restricted rotation about an as)anmetric single bond, for example because of 
steric hindrance or ring strain, may permit separation of different 
conformers. The present invention includes each conformational isomer of 
compounds of Formula I and mixtures thereof. 

15 Certain compounds of Formula I may exist in zwitterionic form and 

the present invention includes each zwitterionic form of compounds of 
Formula I and mixtures thereof. 

The compoxmds of this invention can also exist as tautomers; therefore 
the present invention also includes all tautomeric forms. 

20 The compoxmds of Formxila I are useful in the inhibition of HIV 

integrase, the prevention or treatment of infection by the human 
immunodeficiency virus and the treatment of consequent pathological 
conditions such as AIDS or ARC. The treatment involves administering to a 
patient, in need of such treatment, a compound of Formula I, or a 

25 pharmaceuticaUy acceptable salt, solvate or prodrug thereof, or a 

pharmaceutical composition comprising a pharmaceutical carrier and a 
therapeutically effective amoimt of a compound of the present invention, or a 
pharmaceuticaUy acceptable salt, solvate or prodrug therefor. 

Treatment extends to prophylaxis as well as established infections or 

30 symptoms. This includes initiating treatment pre- and post-exposure to the 
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virus. In addition^ the present invention can be administered in conjxmction 
with other anti-HIV agents (HIV protease inhibitors, nucleoside reverse 
transcriptase inhibitors, non-nucleoside reverse transcriptase inhibitors, and 
HIV-entry inhibitors), immunomodiilators, antiinfectives and/ or vaccines. 

5 The compounds of the present invention are also useful in the 

preparation and execution of screening assays for antiviral compoimds. 
Further, the compounds of the present invention are useful in establishing or 
determining the binding site of other antiviral compounds to HIV integrase, 
for example, by competitive inhibition. 

10 The compoimds of the present invention may be administered orally, 

parenteraUy (including subcutaneous injections, intravenous, intramuscular, 
intrastemal injection or infusion techmques), by inhalation spray or rectaUy, 
in dosage unit formulations containing conventional non-toxic 
pharmaceutically acceptable carriers, adjuvants and vehicles. 

15 This invention also provides a pharmaceutical composition for use in 

the above described therapeutic method. A pharmaceutical composition of 
the present invention comprises an effective amoxmt of a compoxmd of 
Formula I in association with a pharmaceutically acceptable carrier, excipient 
or diluent 

20 The active ingredient in such formulations comprises from 0.1 percent 

to 99.9 percent by weight of the formulation. By "pharmaceutically 
acceptable' it is meant that the carrier, diluent or excipient must be 
compatible with the other ingredients of the formulation and not deleterious 
to the recipient thereof. 

25 The present pharmaceutical compositions are prepared by known 

procedures using well known and readily available ingredients. The 
compositions of this invention may be formulated so as to provide quick, 
sustained or delayed release of the active ingredient after administration to 
the patient by employing procedures well known in the art. In making the 

30 compositions of the present invention, the active ingredient wiU usually be 
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admixed with a carrier, or diluted by a carrier, or enclosed within a carrier 
which may be in the form of a capsule, sachet, paper or other container. 
When the carrier serves as a diluent, it may be a solid, semi-soKd or liquid 
material which acts as a vehicle, exdpient or medium for the active 

5 ingredient Thus, the compositions can be in the form of tablets, pills, 
powders, beadlets, lozenges, sachets, elixirs, suspensions, emulsions, 
solutions, syrups, aerosols, (as a solid or in a liquid mediiam), soft and haxd 
gelatin capsules, suppositories, sterile injectable solutions, sterile packaged 
powders and the Uke. 

10 The compounds can be administered by a variety of routes including 

oral, rectal, transdermal, subcutaneous, intravenous, intramuscular and 
intranasal. 

When administered orally, these compositions are prepared according 
to techniques well-known in the art of pharmaceutical formulation. For oral 

15 administration, the compound is typically formulated with excipients such as 
binders, fillers, lubricants, extenders, diluents, disintegration agents and the 
Uke as are known in the art. 

For parenteral administration, the compoxmd is formulated in 
pharmaceuticaUy acceptable non-toxic, parenterally-acceptable diluents or 

20 solvents, such as mannitol, 1,3-butanediol, water, 5 percent dextrose. Ringer's 
solution or isotonic sodium chloride solution, or smtable dispersing or 
wetting and suspending agents, such as sterile, bland, fixed oils, including 
synthetic mono- or diglycerides, and fatty acids, including oleic acid, 

A compotmd of the present invention, or a salt or solvate thereof, can 

25 be formtilated in unit dosage formulations comprising a dose between about 
0.1 mg and about 1000 mg, or more, according to the particular treatment 
involved. An example of a imit dosage formulation comprises 5 mg of a 
compound of the present invention in a 10 mL sterile glziss ampoule. 
Another example of a unit dosage formulation comprises about 10 mg of a 
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compoimd of the present invention as a phaxmaceutically acceptable salt in 
20 mL of isotonic saline contained in a sterile ampoule. 

The compounds of the present invention can also be administered to 
hxunans in a dosage range of 1 to 100 mg/kg body weight in divided doses. 

5 One preferred dosage range is 1 to 20 mg/kg body weight orally in divided 
doses. It will be understood, however, that the specific dose level and 
frequency of dosage for any particular patient may be varied and will depend 
upon a variety of factors including the activity of the specific compotmd 
employed, the metabolic stability and length of action of that compoimd, the 

10 route of adininistration, the age, body weight, general health, sex, diet, mode 
and time of administration, rate of excretion, drug combination, the severity 
of the particular condition, and the host undergoing therapy. 

General methods useful for the synthesis of compoimds embodied in 
this invention are shown below. The preparations shown below are 

15 disclosed for the purpose of illustration and are not meant to be interpreted 
as limiting the processes to make the compoxmds by any other methods. It 
will be appreciated by those skilled in the art that a number of methods are 
available for the preparation of the compounds of the present invention as 
provided by Formula L 

20 Formida I compoxmds can be prepared by processes which include 

processes known in the chemical art for the production of structurally 
analogous compoimds or by a novel process described herein. A process for 
the preparation of a compound of Formula I (or a pharmaceutically 
acceptable salt thereof) and novel intermediates for the manufacture of a 

25 compound of Formula I, as defined above, provide further features of the 
invention and are iQustrated by the following procedures in which the 
meanings of the generic radicals are as defined above, imless otherwise 
specified. It will be recognized that it may be preferred or necessary to 
prepare a compotmd of Formula I in which a functional group is protected 
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using a conventional protecting group, and then to remove the protecting 

group to provide the compound of Formula L 

Thus, there is provided a process for preparing a compound of 

Formula I (or a pharmaceutically acceptable salt thereof) as provided in any 
5 of the above descriptions which is selected from any of those described in the 

examples, including the following. 

The compoimds of the present invention can be synthesized according 

to ihe following schemes- Schemes I-DI represent general methods for the 

S3aithesis of the compounds. In Scheme I, an appropriately substituted 
10 amine, I-l, can be acylated under standard amide bond forming conditions to 

jrield 1-3. Methods for this type of transformation are described, in Jerry 

March, Advanced Organic Chemistry, 3^^ edition, John Wiley & Sons, 1985. 

The acetylamide 1-3 can be condensed with dimethyl oxalate in the presence 

of a base such as NaOMe or liHMDS. In die final step of the sequence, 1-5 
15 can be treated with and aldehyde, 1-6, and an amine, 1-7, to deUver the 

desired product 1-8. 

Scheme I 



20 



r3 ^ r3 O 

M 1-2 1-3 1-4 

R^^CHO (1-6) 

r2 o OH r2 O OH 

1-5 " 
[Z = -OH or -CI] 



Scheme n illustrates an alternative S3mthesis. In this route, amine I-l 
can be coupled to II-l using standard amide bond forming methods. The 
product of this reaction is 11-2 which can be converted into 1-5 by 
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methanolysis of the dioxalane ring system and the resulting product carried 
on to the final product in a manner similar to that in Scheme L In scheme m, 
compound 11-2 can be synthesized as before, but instead of forming 
intermediate 1-5 it can be converted directly to 1-8 according to the equation. 

5 

Scheme n 



R 



r2 

1-1 



NH + 



n-1 



fT» o 

n-2 



1-8 



r2 O OH 



R^ O 
1-5 

[Z = -OH or -a] 



10 



I 
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Scheme in 




1-8 



5 In Scheme IV, a substituted benzoic acid derivative can be coupled 

with amine IV-2 using standard amide bond forming methods to yield IV-3. 
This intermediate can be reduced to the corresponding benzylic amine, IV-4, 
which can be coupled to 1-2. Intermediate IV-5 can then be condensed with 
dimethyl oxalate under basic conditions resulting in ketoadd IV-6. The final 

10 product can be delivered by treating IV-6 with paraformaldehyde and amine 
1-7 in acetic add at elevated temperature. 
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Scheme IV 




R^2(IV-2) 




BH3-DMS 

BF3-Et20 

THF 



NH 



IV-l 



IV-3 



IV-4 



O 



liHMDS 
THF 




O OH 



OCH5 



FT 



IV-5 



1-4 



IV-6 



paraformaldehyde 
R^*NH2 (1-7) 
AcOH 



O OH 



R 



14 



IV-7 



5 In Scheme V, (3,4-dichloro-benzyl)-methylamme, V-1, can be coupled 

to in-B to yield Compound 37-A. This compound can then be treated with 
paraformaldehyde and amine 1-7 resulting in V-2. 
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Scheme V 




parafoimaldehyde 
R^%H2 (1-7) 
CH3OH 



O OH 




CI 

V-2 



5 In Scheme VI, ketone or aldehyde, VI-1, can be condensed with an 

alkyl-hydroxylamine, VI-2, to yield the corresponding oxime. This can be 
then reduced with NaBHaCN to amine VI-4. It will be appreciated by those 
skilled in the art that this reduction can be carried out with a nimiber of 
different reducing agents. Intermediate VI-4 can be coupled with III-B to 
10 yield Vl-S which can be taken on to VI-7 by two alternative routes. In one, 
VI-5 can be first treated with methanol to yield the corresponding methyl 
ester, VI-6, which can be converted to VI-7 as described previously. In the 
alternative procedure VI-5 can be treated with paraformaldehyde and 1-7 as 
described in Scheme m. 
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Scheme VI 
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10 



In Scheme VII, amine Vn-2 can be attached to an aldehyde- ' 
functionalized polystyrene resin (4-formyl-3-methoxy-phenoxymethyl 
functionalized polystyrene), VU-l, via reductive amination using 
methodology well known in tihe art. This intermediate can be coupled to 
acid, III-A using standard amide bond forming reaction conditions. 
Intermediate VII-4 can be treated with 1-6 and 1-7 to yield VU-S. The final 
product can be cleaved from tiie resin under addic conditions to yield 
product VII-6. 
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Scheme Vn 




vn-6 

In Scheme Vm, intermediate carboxylic add, VIQ-l can be converted 
5 to the corresponding acid chloride, Vm-2, under standard conditions. This 
compoimd can then be treated with amine Vni-3 xmder basic conditions to 
yield amide VIII-4. Amide Vni-4 can be treated with paraformaldehyde and 
methylamine to provide the final product, VIII-5. 
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5 In Scheme DC, compoimd DC-l can be syniliesized according to the 

procedtire of Heynes R. et al Bull. Soc. Chim. Fr. (1977) 906-910 and reacted 
with CH3I or AC2O to yield intermediates IX-2 and IX-5 respectively. 
Saponification or hydrogenolysis of the benzyl ester can provide carboxylic 
acids IX-3 and IX-6 which can be coupled with I-l imder amide bond 
10 forming reaction conditions. In the final step of the s)nithesis the methyl enol 
of XI-4 and the acetyl enol of IX-7 can be removed to deliver the final product 
IX-8. 
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Scheme DC 
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In scheme X, Compound 82-A can be treated with trifluoroacetic add 
to effect hydrolysis of the dimethyl-acetal. This then can be reacted with an 
heterocyde X-1 and a reducing agent such as sodium cyanoborohydride 
(NaBHsCN) to yield X-2. It will be imderstood by those skilled in the art that 
5 alternative reducing agents exist which can be used to carry out the same 
transformation. 



Scheme X 




In scheme XI Compoimd 24 can be reacted with amines, XI-1 and XI-3, 
using standard amide bond forming reagents to form compounds XI-2 and 

XI-4 respectively. 
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Scheme XI 




5 Another method for the synthesis of compounds of the current 

invention is illustrated in scheme XII. In this scheme Compoimd 84-A can be 
reacted with the corresponding add chloride XII-l, sulfamoyl chloride Xn-3 
or sulfonyl chloride XII-5 under basic conditions to deliver compounds Xn-2, 
XII-4 and Xn-6 respectively. 
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Scheme Xn 
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18 



hx still another method to synthesize compounds of f omiula V-2, * 
amine 1-7 and paraformaldehyde can be reacted in methanol at elevated 
temperature to form intermediate XIQ-l as shown in scheme Xin. This 



I 
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intermediate is not isolated but added to a methanolic solution of Compound 
37-A to yield compounds of formula V-2. 



Scheme Xm 



37-A 



R'^^NH, + paraformaldehyde 

^"^ CH3OH 
55-60 °C 




xm-i 



1 



CH3OH, 55-60 °C 
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O OH 
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The synthesis of compoimds of formula XVI-1 is illustrated in Scheme 
XIV. In this scheme Compoimd 93-A can be converted to the corresponding 
10 methyl ester, 93-B, as described in the schemes above. Amine 1-7 and 

paraformaldehyde can be condensed to form intermediate XHI-l which is 
reacted with 93-B as before to yield XIV-1. 
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Scheme XrV 



R^^NH2, paraformadehyde 




XIV-1 



Compounds of this invention can also be synthesized according to tiie 
5 method illustrated in Scheme XV. In this method 2,4-difluorobenzaldehyde 
can be treated with thiomethoxide to generate 2-methylthio-4- 
fluorobenzaldehyde which can be converted to compoimd XV-1 via reductive 
amination with amine R^NHi (IV-2). This intermediate in turn can be 
acylated with DI-B to yield XV-2. Oxidation of the sulfide to the 
10 corresponding sulfoxide and sulfone can be carried out imder conditions 
familiar to those skilled in the art. Conversion of XV-3 and XV-4 to the 
corresponding compoimds of formulas XV-5 and XV-6 can be achieved by 
reaction with amine 1-7 and paraformaldehyde as described in previous 
methods. 
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Scheme XV 
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In another method Compound 120-B can be treated with 1-7 and 
paraformaldehyde to yield compounds of formula XVI-1, as illustrated in 
Scheme XVI. 
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Scheme XVI 



R^^NH2 (1-7) 
paraformaldehyde 




5 

DESCRIPTION OF SPECinC EMBODIMENTS 

The specific examples that follow illustrate the syntheses of the 
compoimds of the instant invention, and axe not to be construed as limiting 
10 the invention in sphere or scope. The methods may be adapted to variations 
in order to produce compoimds embraced by this invention but not 
specifically disclosed. Further, variations of the methods to produce the 
same compounds in somewhat different manner will also be evident to one 
skilled in the art. 

15 In the following experimental procedures, all temperatures are 

understood to be in Centigrade (C) when not specified. The nuclear magnetic 
resonance (NMR) spectral characteristics refer to chemical shifts (5) expressed 
in parts per million (ppm) versus tetramethylsilane (TMS) as reference 
standard. The relative area reported for the various shifts in the proton NMR 

20 spectral data corresponds to the niunber of hydrogen atoms of a particular 
functional type in the molecule. In certain cases where the product is isolated 
as an inseparable mixture of isomers the integration of protons is given in 
decimal fractions corresponding to the proportion of that particular isomer's 
protons in the mixture. The nature of the shifts as to multiplicity is reported 

25 as broad singlet (bs or br s), broad doublet (bd or br d), broad triplet (bt or br 
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t), broad quartet (bq or br q), singlet (s), multiplet (m), doublet (d), quartet 
(q), triplet (t), doublet of doublet (dd), doublet of triplet (dt), and doublet of 
quartet (dq). The solvents employed for taking NMR spectra are acetone-d6 
(deuterated acetone), DMSO-d^ (perdeuterodimethylsulf oxide), D2O 
5 (deuterated water), CDCI3 (deuterochlorof orm) and other conventional 
deuterated solvents. 



10 hydrocHoride);EtOAc (ethyl acetate); HOBt(l-hydroxybenzotriazole); HP 
(high-pressure liquid chromatography); LC/MS (liquid chromatography, 
mass spectroscopy); LDA (lithium diisopropyl amide); LiHMDS (lithium 
bis(trimethylsayl)amide); MCPBA (3-chloroperoxybenzoic add) SiQ2 (silica 
gel); THF (tetrahydrofuran), TFA (trifluoroacetic add). Me (methyl), Et 

15 (ethyl), Ph (phenyl), tBuOK (potassium tert-butoxide), NaOMe (sodiimi . 

methoxide), NaOEt (sodium ethoxide), Boc (tert-butoxycarbonyl), and DEAD 
(diethylazo dicarboxylate). 



20 Compoxmd A-1: (S)-(+)-2>2-Dimethyl-5-oxo-l^-dioxolane-4-acetic add, tert- 

butyldiphenylsilyl ester 



25 (2.08 g, 11.9 mmol) in dry dichloromethane (20 ml) was treated with 
triethylamine (1.83 ml, 13.1 mmol) followed by a solution of t- 
butylchlorodiphenylsilane (3.44 g, 12.5 mmol) in dichloromediane (5 ml) 
added dropwise over 5 minutes. After 3 hours at 22 ^C, the reaction mixture 



The abbreviations used herein are conventional abbreviations widely 
employed in the art. Some of which are: calcd (calculated); DMSO 
(dimethylsulfoxide); EDC (l-(3-<iiD:iethylaininopropyl)-3-ethylcarbpdiimid 



Method A 




A solution of (S)-(+)-2,2-dimethyl-5-oxo-l,3-dioxolane-4-acetic add 
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was diluted with toluene (250 ml) washed with water, saturated sodium 
bicarbonate, brine and dried over magnesitan sulfate. Evaporation of the 
solvent under reduced pressure and chromatography of the residue on silica 
gel (4 X 12 cm) using a mixture of toluene and ethyl acetate (0-2%) as eluent 
5 gave 4.90 g (99% yield) of the title material as a dear oil. m NMR (400 MHz, 
CDCh) 5: 1.13 (s, 9), 1.58 (s, 3), 3.05 (m, 2), 4.79 (dd, 1, / = 4, 7), 7.4-7.8 (m, 10). 



Compoimd A-2: 4-Bromo-2,2-dimethyl-5-oxo-13-dioxolane^acetic add, tert- 
butvldiphenylsilyl ester 

Ph O 0-\^ 
10 ^ I 

A solution of (S)-(+)-2,2-dimethyl-5-oxo-l,3-dioxolane4-'acetic add, 
tert-butyldiphenylsilyl ester (21.65 g, 52.4 mmol) in carbon tetrachloride (160 
ml) was treated with N-bromosuccinimide (9.35 g, 52.4 mmol) and 2,2'- 

15 azobisisobutyronitrile (200 mg) and the resulting mixture was heated imder 
reflux (bath temperature 85 ^C) while irradiating with a 500 watt lamp. After 
10 minutes, the reaction mixture was cooled and the sucdnimide was filtered. 
The solvent was evaporated imder vacuum to give tiie title bromide as a light 
yellow oil (--26 g) which was used immediately for the next step. NMR 

20 (400 MHz, CDCI3) 5: 1.12 (s, 9), 1.41 (s, 3), 1.80 (s, 3), 3.80 (m, 2), 7.3-7.7 (m, 
10). 



25 



Compoimd A-3: fZV22-Dimethvl-5-(tert-butvldiphenvlsayloxvcarbonyl- 
methylene)-l 3-dioxolan-4-one 



Ph O O-V" 
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10 



15 



A solution of 443romo-2,2-<iimethyl-5-oxo-l^-dioxolane-4-acetic add, 
tert-butyldiphenylsilyl ester (-26 g, 52.4 mmol) in dry tetrahydrofuran (160 
ml) was cooled to 0 °C and treated dropwise over 5 minutes with 1,8- 
diazabicydo [5,4,0] undec-7-ene (12.7 g, 78.8 mmol) and the resulting mixture 
was stirred at 5 for 1.5 hour. The solid formed was fUtered and washed 
with a small amoimt of tetrahydrofuran. The filtrate was xised as such for the 
next step. 

Alternatively, the reaction mixture can be diluted with toluene, 
washed with water, saturated sodium bicarbonate, brine and dried 
(magnesium sulfate). Evaporation of the solvent gave an oil which was 
chromatographed on silica gel using a mixture of toluene and ethyl acetate 



(0-2%) as eluent. The title ester was obtained as an oil in 30 - 50% yield. 
iHNMR (400 MHz, CDCI3) 5: 1.16 (s, 9), 1.76 (s, 6), 5.97 (s, 1), 7.4-7.8 (m, 10). 

Compound IH-A: (2,2-Dimethvl-5-oxo-ri31dioxolan-4-vlidene)-acetic acid 



A solution of pure (Z)-2,2 dimethyl-5-(t-butyldiphenylsilyloxy- 
carbonylmethylene)-13-dioxolan-4-one (2.80 g, 6.82 mmol) in 
tetrahydrofuran (40 ml) was treated at 22 with acetic acid (2 ml) followed 
by 6.8 ml of a 1 M solution of tetrabutylammonium fluoride in 
tetrahydrofuran. After 15 minutes at 22 ^C, the reaction mixture was diluted 
with ethyl acetate, washed with water, brine and dried (magnesium sulfate). 
The solvent was concentrated imder reduced pressure and the residue was 
triturated with toluene to give 1.00 g (85% yield) of the tide compound as a 
white crystalline material: mp 203-204 oC (dec.). IR (KBi) v max (cm -i): 




O 
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1805, 1707 and 1662. NMR (400 MHz, CDCI3) 6: 1.78 (s, 6), 5.89 (s, 1). 
AnaL calcd for C7H8Q5: C, 48.84; H, 4.68; Found: Q 48.84; H, 4.65. 

Preparation of (22'Dimethvl-5-Qxo-[131dioxolan-4->ylideneVacetic add from 

5 crude A'3 

A solution of the crude (Z)-2,2-dimetiiyl-5-(tert- 
butyldiphenylsilyloxycarbonyl methylene)-l,3-dioxolan-4-one (52.4 nunol) in 
tetrahydrofuran (200 ml) was treated with acetic add (13 ml) followed with 
50 ml of a 1 M solution of tetrabutylammonium fluoride in tetrahydrofuran. 

10 After 15 minutes at 22 ^C, the reaction mixture was filtered and the filtrate 
was concentrated in vacuo. Trituration of the residue with toluene gave 6.3 g 
(70% yield for three steps) of the title material as a white solid (>95% pure by 
iHNMR). 

15 Method B 

Compotmd B-1: (■fV2,2'Dimethvl'5-oxo-13Hiioxolane-4-acetic add, tert- 

butyldimethvlsilyl ester 




20 A solution of (S)-(+)-2,2-dimethyl-5-oxo-l>dioxolane-4-acetic acid 

(13.20 g, 75.8 mmol) in N, N-dimethylformamide (25 ml) was treated at 22 <: 
with imidazole (10.56 g, 0.155 mmol) followed by tert-butyldimethylsilyl 
chloride (12.0 g, 79.6 mmol) and the resulting mixture was stirred at 22 for 
18 hours. The reaction mixture was then diluted with toluene (500 ml), 

25 washed with water (x3), saturated sodium bicarbonate and brine. After 
drying (magnesium sulfate), the solvent was evaporated under reduced 
pressure to give an oil. Distillation under vacuum gave 20.9 g (96% yield) of 
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the title material as a dear oil : Bp 80-90 «C / 0.1 torr (biilb to bulb distillation, 
air bath temperature). NMR (400 MHz, CDCI3) 5: 0.33 (s, 3), 0.36 (s, 3), 
1.00 (s, 9), 1.11 (s, 3), 1.37 (s, 3), 2.72 (m, 2), 4.35 (dd, 1, / = 4, 6). 

5 Compound B-2: 4-Bromo-2,2-dimethyl-5-oxo-13-dioxolane-4'acetic add, 
tertbutyldimethylsilyl ester 



10 butyldimethylsilyl ester (20.9 g, 72.4 mmol) in carbon tetradiloride (200 ml) 
was treated with N-bromosucdnimide (14.18 g, 79.6 mmol) and 2,2'- 
azobisisobutyronitrile (0.30 g) and the resulting mixture was heated under 
reflux while irradiating with a 500 W lamp. After approximately 5 minutes, a 
mild exothermic reaction was observed and the mixture was heated for an 

15 additional 5 minutes. The reaction mixture was tihen cooled in an ice bath 
and the floating sucdnimide was filtered and washed with a small amount of 
carbon tetrachloride. The filtrate was used immediately as such for the next 



step. iH NMR (400 MHz, CDCI3) & 0.27 (s, 3), 0.28 (s, 3), 0.94 (s, 9), 1.66 (s, 3), 
1.84 (s, 3), 3.62 (m, 2). 



Compoimd B-3: (Z)-2.2-Dimethyl-5-(tert"butyldimethylsilyloxycarbonyl- 
methylene)-l 3-dioxolane 




A solution of (S)-(+)-2,2-dimethyl-5-oxo-l,3-dioxolane-4-acetic add, t- 



20 




25 The solution of crude 4-bromo-2,2-dimethyl-5-oxo-l,3-dioxolane-4- 

acetic add, tert-butyldimethylsUyl ester (72.4 mmol) in carbon tetrachloride 
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(approximately 220 ml) was cooled to 0-5 and treated dropwise over 10 
minutes and under vigorous stirring with a solution of 1,8-diazabicyclo C5,4,0) 
undec-7-ene (12.1 g, 79.6 mmol) in dry tetrahydrofuxan (125 ml). A heavy 
precipitate was formed which gradually became a granular solid. After 1 h, 
5 the solid obtained was filtered and washed with a small amount of 

tetrahydrofuran. The filtrate was concentrated imder reduced pressure to 
give a light orange oil which was used as such for the next step. 



10 



Compound UI-A: (2.2-Dimethyl-5-oxo-ri31dioxolan-4-ylidene)-acetLC add 



o oV 



The crude (Z)-2,2-dimethyl-5-(tert-butyldimethylsilyloxycarbonyl- 
methylene) -1^ -dioxolan-4-one (72.4 mmol) in tetrahydrofuran (50 ml) was 
treated at 22 «>C with acetic add (13 ml, 0.227 mmol) followed by 73 ml (73.0 

15 mmol) of a IM solution of tetrabutylammonivim fluoride in tetrahydrofuran. 
After 1 h at 22 ^C, the reaction mixture was diluted with ethyl acetate (500 
ml)^ washed with water, brine and dried (anhydrous magnesium sulfate). 
Evaporation of the solvent under reduced pressure and trituration of the 
residual solid with toluene (50 ml) gave 7.70 g (62% yield for 3 steps) of the 

20 title Z"isomer as a white crystalline solid. Concentration of the mother liquors 
yielded another 0.2 g of a 75:25 mixture of Z and E isomers. Z-Isomer; 
NMR (400 MHz, CDCI3) 6: 1.78 (s, 3), 5.89 (s, 1). E-Isomer: iH NMR (400 
MHz, CDCI3) 5: 1.80 (s, 3), 6.03 (s, 1). 
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Method C 

Compound III-B a2-I3imethvl-5-oxo-ri>31dioxolan-4-vlideneVacetyl chloride 

O oX. 



5 A mixtiire of (2,2'Kiimethyl-5-oxo-[131dioxolan-4-y]idene)-acetic add 

(0.50 g, 2.9 mmol) in dry dichloromethane (10 ml) was treated at 22 <: with 
oxalyl chloride (0.5 ml, 5.8 mmol) followed by a trace (capillary) of N, N- 
dimethylformamide. After 1 h at 22 the clear solution was concentrated 

* 

in vacuo to give 0.55 g (quantitative) of the title add chloride as a white 
10 crystalline solid. 



EXAMPLE 1 
Compoxind 1-A: 4-Huoro-N-methyl-ben2aimde 



O 



15 




To a solution of 30 mL MeNHa (40% wt in H2O) was added 139 mL of 
IN NaOH. To tius was added 130 mL of CH2CI2 followed by 4-£luorobenzoyl 
chloride (22 grams, 139 mmol) while the mixture was rapidly stirred. After 1 
20 hour the organic layer was separated, washed with H2O, dried over Na2S04 
and solvent removed under vacuvun to yield 20 grams (94% yield) solid. 
NMR (500 MHz, DMSO) 5: 2.78 (d, 3, J = 5), 7.28 (t, 2, J = 9), 7.91 (m, 2), 8.46 
(br s, 1). NMR (125 MHz, DMSO) 5: 26.13, 114.95, 115.13, 129.49, 129.56, 
130.87, 130.90, 162.67, 164.64, 165.46. 



25 
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Compound 1-B: (4-nuorO'benzyl)-methyl-ainine; hydrochloride 




5 4-Fluoro-N-methyl-benzainide (18.8 grams, 123 mmol) was dissolved 

in 180 mL of THF. To this was added BFa^EtaO (5.51 mL, 43 mmol) and the 
resulting mixture heated to reflux for 15 min. The solution was then cooled 
to -20 °C and BH3«S(CH3)2 (16.5 mL, 174 mmol) added over 10 min. After 
this the reaction mixture was heated and the solvent removed by distillation 

10 for 20 min. The distillation apparatus was replaced with a reflux condenser 
and the reaction heated to 110 °C for 2h. After cooling to room temperature 
75 mL of 6N HCl was slowly added. After gas evolution had ceased the 
mixture was heated at reflux for 1 h then allowed to regain room 
temperature. To this was added 200 mL of 6N NaOH. The mixture was 

15 extracted with EtzO. The organic layer was washed with saturated NaCl, 
dried over Na2S04, filtered and the solvent removed to yield an oil. The oil 
was dissolved in BtiO and 30 mL of 4N HCl (dioxane) added resulting in a 
white ppt. which was filtered to )deld 18.9 grams solid (88% yield). NMR 
(500 MHz, DMSO) 5: 2.48 (s, 3), 4.08 (s, 2), 7.26 (m, 2), 7.63 (m, 2), 9.60 (br s, 2). 

20 13C NMR (125 MHz, DMSO) 5: 31.57, 50.04, 115.24, 115.41, 128.29, 128.32, 
132.29, 132.36, 161.24, 163.19. 

Compound 1-C: N-(4-Fluoro-benzvl)-N-methvl-acetamide 



O 



25 
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4-Huoro-ben2yl)-inethyl-amine; hydrochloride (8.75 grams, 50 ttunol) 
was added to a rapidly stirring mixture of 100 mL ClfcCk and 150 mL of IN 
NaOH. To this was added acetyl chloride (3.55 mL, 50 mmol) and the 
resulting mixture stirred overnight. The organic layer was then separated, 
5 washed with IN HQ, dried over NaaSO*, filtered and the solvent removed to 
yield 2 grams oil (22% yield). URMS (M+H) calcd for C10H14FNO: 182.0891; 
found: 182.0979. NMR (500 MHz, DMSO) 6: 2.04 (s), 2.05 (s), 2.77 (s), 2.90 
(s), 4.46 (s), 4.53 (s), 7.13-7.28 (m, 4). NMR (125 MHz, DMSO) 6: 21.16, 
.21.47, 32.85, 35.24, 48.81, 52.40, 114.97, 115.14, 115.30, 115.47, 128.52, 128.59, 
10 129.38, 128.44, 133.58, 133.60, 134.01, 134.03, 160.23, 160.33, 162.16, 162.26, 
169.70, 169.84. 

Compound 1-D: 3-r(4-Fluoro-benzvlV-methvl-carbamovn-2-hvdroxv-acrvlic 
add methyl ester 



N-(4-Fluoro-benzyl)-N-methyl-acetamide (3.6 grams, 20 mmol) was 
dissolved in 20 mL of THF and cooled to -78 °C. To tWs was added 40 mL of 

20 IM LiHMDS (in THF) and the resulting solution stirred for 30 min. Next 
dimethyl oxalate (3.5 grams, 30 mmol) dissolved in 8 mL of THF is added 
and the reaction stirred for 2 h at -78 °C, then warmed to 0 °C and stirred an 
additional 30 min. To tiiis was added IN HQ and the mixture then extracted 
with EtOAc. The organic layer was washed with saturated NaCl, dried over 

25 Na2S04, filtered and the solvent removed. The crude product was purified 
by column chromatography (4x4 cm SiOz, 80:20 Hex/EtOAc) to yield 4.3 
grams soKd (80% yield). HRMS (M+H) calcd for C13H15NO4F: 268.0985; 
found: 268.0983. Anal calcd for C13H14NO4F: C, 58.42; H, 5.28; N, 5.24; found: 



15 



O 



OH 
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C, 58.48; H, 5.21; N, 5.26. NMR and ^K. NMR show a mixture of rotamers 
at room temperature. iH NMR (500 MHz, CDCI3) 5: 3.00 (s), 3.86 (s), 3.89 (s), 
4.55 (s), 6.29 (s), 6.31 (s), 7.00-7.24 (overlapping m, 4). NMR 5; 33.43, 34.79, 
49.97, 52.63, 52.97, 9327, 93.55, 115.63, 115.80, 115.95, 116.13, 128.36, 128.42, 
5 129.71, 129.78, 131.32, 132.03, 159.70, 161.40, 163.25, 163.35, 170.93, 171.16. 

Compound 1: 4-Hydroxy-l-methyl-5-oxo-2^-dihydro-lH-pyrrole-3- 
carboxylic add (4-fluoro-benzyl)-methyl amide 



O OH 




To 1.6 mL of ethanol at 60 °C was added paraformalddayde (46.6 mg, 
1.6 mmol. eq. of formaldehyde) and 0.78 mL of 2 M (THF) CH3NH2 and the 
resulting mixture stirred for 5 min. Compoimd 1-D (41.5 mg, 1.6 mmol) was 

15 added and the reaction stirred for 1 hr. The reaction mixture was then 
diluted with H2O and extracted with EtOAc The organic layer was 
separated, washed with satd NaCl, dried over NaaSO*, filtered and the 
solvent removed to jrield crude product, which was purified by preparative 
TLC (SiO?, 20% EtOH/CHaCla). HRMS [M+H] calcd for CMePNiOa: 

20 279.1145. Found: 279.1148. NMR (CDCI3, 500 MHz) 5: 2.99 (s, 3), 3.03 (s, 
3), 4.13 (s, 2), 4.60 (s, 2), 6.98-7.23 (overlapping m, 4). 



wo 2004/004657 



PCTAJS2003/021371 



40 

EXAMPLE 2 

Compomd 2: l-r2-(4<Horo-phenylV^thyl1-4-hvdroxv-5K >x(>-25Hiihvdro- 
lH-pyirole-3-carboxylic add (4-fluoro-benzylVmethyl amide 



5 




3-[(4-Fluoro-benzyl)-methyl-carbamoyl]-2-hydroxy-acrylic add metiayl 
ester (Compovind 1-D) was treated with paraformaldehyde and 2-(4-diloro- 
phenyl)-ethylamine as described in the preparation of Compound 1. HKMS 
10 (M-H) calcd for C2iHi9ClFN203: 401.1068; found: 401.1080. NMR (500 
MHz, CDCI3) 8: 2.90 (t, 2, / = 7), 2.95 (s, 3), 3.72 (t, 2 J = 7), 3.95 (s, 2), 4.57 (s, 
2), 7.03-7.26 (overlapping m, 8). NMR (125 MHz, CDCI3) 5: 33.92, 34.45, 
44.42, 49.37, 51.46, 108.49, 115.73, 115.91, 128.87, 129.22, 129.98, 131.99, 132.67, 
136.60, 154.21, 161.42, 163.37. 164.51, 166.31. 

15 

EXAMPLE 3 

Com pound 3: l-[2-(Chloro-phenvn-ethvn-4-hvdroxv-5-o xo-2.5-dihvdro-lH- 
pyrrole-3-carboxylic add (4-fluoro-benzyl)-methyl amide 



O OH 
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3-[(4-nuoro-ben2yl)-methyl-<arbamoyl]-2-hydroxy-acrylic acid methyl 
ester (Compound 1-D) was treated with paraformaldehyde and 2-(2-chloro- 
phenyl)-ethylaiiune as desaibed in the prepeuration of Compound 1. HKMS 
(M+H) calcd for C2iH2iC]PN203: 403.1225; found: 403.1237. NMR (500 
5 MHz, CDCI3) 5: 2.96 (s, 3), 3.05 (t, 2 J = 7), 3.75 (t, 2, / = 7), 3.99 (s, 2), 4.58 (s, 
2), 7.01-7.34 (overlapping m, 8). NMR (125 MHz, CDCI3) 5: 32.37, 34.52, 
42.90, 49.36, 51.47, 109.38, 115.66, 115.83, 127.18, 128.37, 129.26, 129.32, 129.67, 
130.92, 132.13, 132.15, 134.01, 135.79, 152.71, 161.37, 163.33, 164.91, 166.11. 

» 

10 EXAMPLE 4 

Compound 4: 4-Hydroxy-5-oxo-l-(2-thiophen-2-yl-€thyl)-2^-dihydro-lH- 
pyrrole-3-carboxylic acid (4-fluoro-benzyl>methyl-amide 




O OH 




15 

3-[(4-Fluoro-ber\zyl)-methyl-carbamoyl]-2-hydroxy-acrylic add methyl 
ester (Compoimd 1-D) was treated with paraformaldehyde and 2-thiophen-2- 
yl-etiiylamine as described in the preparation of Compovmd 1. HRMS (M-H) 
calcd for C19H18FN2O3S: 373.1022; found; 373.1029. ^H NMR (500 MHz, 
20 CDCb) 8: 2.95 (s, 3), 3.14 (t, 2, / = 7), 3.76 (t, 2, / = 7), 3.97 (s, 2), 4.57 (s, 2), 6.81- 
7.21 (overlapping m, 7). ^ NMR (125 MHz, CDCI3) 6: 28.76, 34.49, 44.93, 
49.46, 51.47, 109.48, 115.65, 115.82, 124.20, 12559, 127.15, 129.28, 129.34, 
132.12, 132.14, 140.34, 152.72, 161.37, 163.33, 164.94, 166.11. 
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EXAMPLES 

Compound 5: 142-(2-Huoro-phenvD-€thvl1-4-hydroxv-5-oxo-2^-dihvdro-lH- 
pvrrole-3-carboxylic add (4-fluoro-benzyl)-methyl-amide 



O OH 



5 




3-[(4-Huoro-benzyl)-me&yl<arbamoyl]-2-hydroxy-acrylic acid methyl 
ester (Compound 1-D) was treated with paraformaldehyde and 2-(2-fluoro- 
phenyl)-ethylamine as described in the preparation of Compound 1. HRMS 

10 (M+H) calcd for C21H21N2F2O3: 387.1520; found: 387.1525. m NMR (500 

MHz, CDCb) 6: 2.96 (overlapping m, 5), 3.75 (t, 2, / = 7), 4.02 (s, 2), 4.58 (s, 2), 
6.98-7.22 (overlapping m, 8). NMR (125 MHz, CDCI3) 5: 28.13, 28.14, 
34.55, 43.38, 49.34, 51.52, 109.53, 115.31, 115.48, 115.68, 115.85, 12438, 124.41, 
124.87, 124.99, 128.68, 128.75, 129.29, 129.35, 130.96, 130.99, 131.98, 132.01, 

15 152.46, 16026, 161.40, 162.21, 163.36, 165.04, 166.09. 

EXAMPLE 6 

Compoxmd 6: l-f 2-(2.4-Dichloro-phenvn-ethvn^hvdroxv-5-oxo-25-dihvdro- 
lH-pvrrole-3-carboxvlic add (4-fluoro-benzyl')-methvl-amide 

20 

O OH 




CI 
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3-[(4-Huoro-benzyl)-methyl-carbamoyl]-2-hydioxy-acrylic add methyl 
ester (Compound 1-D) was treated with paraformaldehyde and 2-(2,4- 
dichloro-phenyl)-ethylamine as described in the preparation of Compoimd 1. 
iH NMR (500 MHz, CDCI3) 6: 2.99 (s, 3), 3.03 (t, 2, J = 7), 3.74 (t, / = 7), 4.06 (s, 
5 2), 4.60 (s, 2), 7.03-737 (overlapping m, 7). ^^C NMR (125 MHz, CDCI3) 6: 
31.76, 34.67, 42.95, 49.48, 51.61, 109.74, 115.76, 115.93, 127.53, 12927, 12932, 
129.53, 131.63, 131.78, 131.80, 133.57, 134.14, 134.65, 152.19, 161.44, 163.40, 
16524, 165.98. 

10 EXAMPLE7 

Compound 7: 4-Hydroxy-5-oxo-l-(2-pyridin-4-yl-ethyl)-2^-dihydro-lH- 
pyrrole-3-carboxylic add (4-£Luoro-benzyl)-methyl-amide 



3-[(4-Fluoro-benzyl)-methyl-carbamoyl]-2-hydroxy-acrylic add methyl 
ester (Compoimd 1-D) was treated wiih paraformaldehyde and 2-pyridin-4- 
yl-ethylamine as described in the preparation of Compoimd 1. HRMS (M+H) 
calcd for C20H21FN3O3: 370.1567; found: 370.1568. ^H NMR (500 MHz, CDCI3) 



20 8: 3.00 (s, 3), 3.23 (t, 2, J = 7), 3.90 (t, 2, J = 7), 4.20 (s, 2), 4.60 (s, 2), 7.03 (m, 2), 
7.21 (m, 2), 7.80 (d, 2, / = 6), 8.73 (d, 2, / = 6). ^Kl NMR (125 MHz, CDCI3) 5: 
34.55, 34.63, 42.47, 49.04, 51.55, 109.53, 114.58, 115.74, 115.91, 127.10, 12930, 
129.50, 131.76, 141.92, 153.22, 158.36, 160.92, 161.23, 161.43, 163.40, 165.33, 
166.13. 



O 



OH 




15 
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EXAMPLES 

Compound 8: 4-HydTOxy-5K)xo-l-phenethyl-25-dihydro-lH-pyTO 
carboxylic add (4-fluoro-benzyl')-methyl-agude 



O OH 



5 




3-[(4-Huoro-ben2yl)-inethyl-carbamoyll-2-hydroxy-acrylic acid methyl 
ester (Compound 1-D) was treated with paraformaldehyde and 2-phenyl- 
ethylamine as described in the preparation of Compoxind 1. HRMS (M+H) 
10 calcd for C21H22FN2O3: 369.1615; found: 369.1625. iR NMR (500 MHz, CDCI3) 
5: 2.92 (overlapping m, 5), 3.74 (t, 2, J = 7), 3.92 (s, 2), 4.56 (s, 2), 7.01-7.29 
(overlapping m, 9). ^ NMR (125 MHz, CDCI3) 8: 34.45, 34.60, 44.70, 49.42, 
51.46, 109.12, 115.66, 115.83, 126.75, 128.63, 128.72, 129.26, 129.33, 132.09, 
132.11, 138.18, 153.11, 161.38, 163.34, 164.79, 166.18. 

15 

EXAMPLE 9 

Compound 9: l-r2-(4-FIuoro-phenvU-ethvn-4-hvdroxv-5-oxo-25-dihvdro-lH- 
pyrrole-3-carboxylic add (4-fluoro-benzyl)-methyl amide 



0 OH 
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3-[(4-nuoro43enzyl)-meihyl<ari5amoyl]-2-hydroxy-aaylk add mettiyl 
ester (Compound 1-D) was treated with paraformaldehyde and 2-(4-fIuoro- 
phenyl)-ethylamine as described in the preparation of Compound 1. (HRMS 
(M-H) calcd for C21H19F2N2O3: 385.1364; found: 385.1377. NMR (500 MHz, 
5 CDCI3) 5: 2.90 (t, 2, / = 7), 2.95 (s, 3), 3.71 (t, 2, J =7), 3.95 (s, 2), 4.57 (s, 2), 6.95- 
7.26 (overlapping m, 8). ^ NMR (125 MHz, CDCI3) 5: 33.74, 34.48, 44.70, 
49.41, 51.47, 108.82, 115.49, 115.66, 115.71, 115.77, 115.89, 129.22, 129.27, 
130.04, 130.10, 131.97, 133.72, 153.60, 160.81, 161.42, 162.76, 16338, 164.71, 
166.21. 

10 

EXAMPLE 10 

Compound 10: 4-Hydroxy-5-oxo-l-(3-phenyl-propyl)-23-dihydro-lH- 
pyrrole-3-carboxylic add (4-fluoro-benzylVmethyl-amide 



0 OH 



15 




3-[(4-Fluoro-benzyl)-methyl-carbamoyl]-2-hydroxy-acrylic add metihyl 
ester (Compound 1-D) was treated with paraformaldehyde and 3-phenyl- 
propylamine as described in the preparation of Compound 1. ^H NMR (500 
20 MHz, CDCI3) 6: 1.93 (p, 2, / = 7), 2.64 (t, 2, / = 7), 2.99 (s, 3), 3.53 (t, 2, / = 2), 
4.10 (s, 2), 4.60 (s, 2), 7.02-7.28 (overlapping m, 9). i3C (125 MHz, CDCI3) 5: 
29.77, 33.05, 34.56, 42.81, 48.79, 51.47, 109.25, 115.66, 115.83. 126.14, 128.30, 
128.49, 129.34, 129.40, 132.16, 132.79, 140.88, 152.46, 161.39, 163.34, 165.02, 
166.08. 



25 
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EXAMPLE 11 

Compound 11: 4-Hydroxy-l-isopropyl-5H3XO-23-dihydrO"lH-pyr^ 
carboxylic add (4-fluoro-benzyl)-melhyl-aimde 



O OH 



5 




3-[(4-Fluoro-benzyl)-methyl-carbamoyll-2-hydroxy-acrylic acid methyl 
ester (compoimd 1-D) was treated with paraformaldehyde and 
isopropylamine as described in the preparation of Compovind 1. NMR 
10 (500 MHz, CDCI3) 5: 1.23 (d, 6, / = 7), 3.02 (s, 3), 4.10 (s, 2), 4.45 (heptet, 1, / = 
7), 4.62 (s, 2), 7.03 (m, 1), 724: (m, 2). ^^C NMR (125 MHz, CDCb) 5: 20.61, 
34.72, 44.09, 44.34, 110.21, 115.57, 115.75, 129.43, 129.50, 132.28, 132.30, 149.92, 
161.35, 163.31, 164.76, 165.80. 

15 EXAMPLE 12 

Compoimd 12-A: N-(3,4"Dichloro-benzyl)-N-methyl-acetamide 



O 




CI 



20 A solution of (3,4-dichlorobenzyl)-methylamine (O.BO g, 2.63 mmol) 

(Shapiro et al. J. Amer. Chem. Soc.,(1959) 81, 3725) in a mixture of 
tetrahydrofuran (20 ml) and 40 % aqueous sodiiun acetate (10 ml) was cooled 
to 0-5 °C (ice bath) and treated with a solution of acetyl chloride (0.3 g in 
tetrahydrofuran) added dropwise over 5 min. After 1 h at 0-5 ^C, the reaction 

25 mixture was diluted with ethyl acetate, washed successively with 1 N 
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hydrochloric add, saturated sodium bicarbonate, brine and dried 
(magnesium sulfate). Evaporation of the solvent and distillation of the 
residue in vacuo gave 0.51 g (83% yield) of the tide amide as a dear oil: bp 
110-120 oC/0.2 torr, (bulb to bulb distillation, air bath temperature). ^HNMR 
5 400 MHz (CDCI3) 5 (ppm), mixture of rotamers: 2.36 and 2.39 (3H, 2 s, 
COCH3), 3.16 (3H, s, NCH3), 4.70 and 4.75 (2H, 2 s, NCH2), 7.2-7.7 (3H, m, 
aromatics). Anal, calcd for CioHuCbNO : C, 51.74; H, 4.78; N, 6.03. Found: C, 
51.70; H, 4.77; N, 6.04. 

10 Compound 12-B: 3-f(3.4-Dichloro-benzvl-methvl-<arbamovll-2-hvdroxy- 
acrylic acid methyl ester 



O OH 




CI 



15 A solution of N-(3,4-dichlorobenzyl)-N-methyl-acetamide (0.83 g, 3.57 

mmol ) in tetrahydrofuran ( 15 ml ) was cooled to-78 <1 and treated 
dropwise with 7.1 ml ( 7.1 mmol ) of IM lithium bis(trimethylsilyl)amide ia 
tetrahydrofuran. After 20 min, the mixture was treated dropwise with a 
solution of dimethyl oxalate (0.63 g, 5.35 mmol) in tetrahydrofuran (3 ml), 

20 stirred at -78 °C for 1 h and then at 5 <<: for another 45 min. The reaction 
mixture was then quenched by the addition of 1 N hydrochloric add and 
ethyl acetate. The organic phase was washed successively with water, 
saturated sodium bicarbonate and brine and dried over anhydrous sodium 
sulfate. Evaporation of the solvent xmder reduced pressure and 

25 chromatography of the residue on silica gel (dution toluene-ethyl acetate, 
85:15) gave 0.70 g (61% yield) of the title ester as dear oil. iHNMR 400 MHz 
{CeDs) 6 (ppm); mixture of rotamers: 2.01 and 2.49 (3H, 2 s, NCH3), 3.43 and 
3.5 (3H, 2 s, OCH3), 4.0 and 4.4 (2H, 2 s, NCH2), 6.26 and 6.33 (IH, 2 s, CH), 
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6.62-7.2 (3H, m, aromatics). Anal, calcd for C13H13CI2NO4: C, 49.08; H, 4.12; N 
4.40. Found: C, 49.38; H, 4.23; N, 4.30. 

Compound 12: 4-Hvdroxy4-methvl-5-oxo-2^>dihvdrQ-lH-pvrrole-3-' 
5 carboxylic add (3,4-dichlorO'benzvl)-methvl amide 



O OH 




Ci 



A solution of 2 M methylamine in tetrahydrofuran (0.5 ml, 1.0 mmol) 
10 was added to a mixture of paraformaldehyde (0.3 g, 1.0 mmol, equivalent of 
formaldehyde) in anhydrous ethanol (1ml) and the resulting mixture was 
heated at 60 for 5 min. Then a solution of 3-[(3,4-dichlorobenzyl)-methyl- 
carbamoyll-2-hydroxy-aa7lic add methyl ester (0.318 g, 1.0 mmol) in ethanol 
(3 ml) was added all at once and the resulting mixture was maintained at 60 
15 oC for another 20 min. The readion mixture was then quendied by the 

addition of ethyl acetate and pH 2 phosphate buffer. The organic phase was 
washed with brine, dried (aiJuydrous magnesium sulfate) and concentrated 
xmder reduced pressure. Recrystallization of the solid residue from a mixture 
of ethyl acetate and hexane gave 0.180 g (54% yield) of titie title material as a 
20 white solid: mp 148-150 ^C. 
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EXAMPLE 13 

Compound 13; 4-Hyckoxy-l-(2-morpholin-4-vl-^thvlV5-oxo-2^-^ 
pyrrole-3-carboxylic add (3.4-dicMoro-beiTJzyl)-methyl-a3iude 



5 




To 0.5 mL of AcOH at 60 °C was added N-(2-anunoethyl) morpholine 
(0-066 mL, 0.5 mmol) and paraformialdehyde (15 mg, 0.5 mmol). After 
stirring for 5 min, 3-[(3,4-dichloro-benzyl)-methyl-carbamoyl]-2-hydroxy- 
10 acrylic acid methyl ester (159 mg, 0.5 mmol) was added and the resulting 

i 

mixture stirred at 60 °C for 2 h. The reaction mixture was cooled to room 
temperature and extracted with EtOAc The remaining aqueous layer was 
extracted with CH2CI2, and dried over Na2S04. Concentration yielded 51.1 
mg (24% yield) of the title compound as a white solid. iR NMR (300 MHz, 
15 CDCI3) 5: 10.52 (bs, IH), 7.40 (d, IH, /=10.61), 7.39 (s, IH), 7.11 (dd, IH, 

J=10.24, 7=1.83), 4.60 (s, 2H), 4.23 (s, 2H), 3.64 (m, 6H), 3.01 (s, 3H), 2.63 (t, 2H, 
/=6.22),2.54, (m, 4H), 2.05 (s, 3H). MS (M+H) calcd for C19H23N3O4CI2: 427.1; 
found: 428.11. 



wo 2004/004657 PCTAJS2003/021371 

50 

EXAMPLE 14 

Compound 14: l<2ydopropyl'4-hydroxy-5K)xcH2^-dihydrc>-lH'^ 
caiboxylic acid (3>4-dicMoro-benzyl)'-methyl-aiiude 



O OH 



5 




3-[(3,4-EHcWoro-benzyl-methyl<aibamoyll-2-hydroxy-acryU^ 
methyl ester (Compotmd 12-B) was treated with paraformaldehyde and 
cydopropylamine as described in the preparation of Compound 12. The tide 

10 compoimd was extracted with EtOAc and the organic layer was washed with 
H2O, and dried over Na2S04. After concentration, the resxilting residue was 
triturated with EtOAc/Hexane (l:l)to give a white solid (52.7 mg, 30% yield). 
Mp=163-164 °C. m NMR (300 MHz, CDCI3) 5: 9.97 (bs, IH), 7.42, (d, IH, 
7=8.42), 7.35 (s, IH), 7.10 (dd, IH, /=8.42, J=1.47), 4.60 (s, 2H), 4.09 (s, 2H), 3.02 

15 (s, 3H), 2.81 (m, IH), 0.86 (m, 4H). HRMS (M+H) calcd for C16H17N2CI2O3: 
355.0616; found: 355.0618. 



EXAMPLE 15 

Compoimd 15: 4-'Hydroxy-l-(2-methylaminO"ethyl)-5-oxo-2^-dihydro-lH- 

20 pyrrole'3-carboxylic acid (3x4-dichloro-benzyl)-methyl-amide 




3-[(3,4-Dichloro-benzyl-methyl-carbamoyl]-2-hydroxy-acrylicacid 
25 methyl ester (Compoimd 12-B) was treated with paraformaldehyde and 
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ine&.yl-ethane-i;2-diainine as described in the preparation of Compound 12. 
The title compound was triturated with EtOAc to give a white solid (7.8 mg, 
4% yield). NMR (300 MHz, CDCk) 5: 9.14, (bs, IH), 7.40, (d, IH, 7=8.05), 
7.34 (s, IH), 7.11 (dd, IH, /=8.05, J=1.10), 4.58, (s, 2H), 4.34, (s, 2H), 3.94 (m, 
5 2H), 3.25 (m, 2H), 3.03 (s, 3H), 2.78 (s, 3H). HRMS (M+H) calcd for 
C16H19N3CI2O3: 372.0881; found: 372.0886. 



EXAMPLE 16 

Compound 16: l-(22-Dimethvl-propyl)-4-hydroxv-5-oxo-25-djhvdro-lH- 
10 pyrrole-3-carboxylic add (3,4-dichloro-ben2yl)-methyl-ainide 



O OH 




3-[(3,4-Didiloro-ber\2yl-methyl-carbamoyl]-2-hydroxy-acrylicacid 
15 methyl ester (Compoimd 12-B) was treated with parafonnaldehyde and 2PL- 
dimethyl-propylamine as described in the preparation of Compoimd 12. The 
resulting residue was purified by chromatography (YMC Combiprep ODS-A, 
30mm X 5Qmm, MeOH/H2O/0.1% TFA) to yield the title compound as a 
white powder (7.9 mg, 4% yield). ^H NMR (500 MHz, DMSO) 5: 7.42 (d, IH, 
20 J=8.24), 7.36 (s, IH), 7.12 (d, IH, 7=8.24), 4.61 (s, 2H), 4.26 (s, 2H), 3.27 (s, 2H), 
3.04 (s, 3H), 0.93 (s, 9H). HRMS (M+H) calcd for C1SH23N2CI2O3: 385.1085; 
found: 385.1079. 
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EXAMPLE 17 

Compound 17: 4-Hydroxy'5-oxo-l-f2-(4--sulfamoyl-phenyl)-ethylV^ 
dihydio-lH-pyrrole-3-carboxylic add (3>4"dichloro-bei\zyl)"methyl-amide 



O OH 




5 SO2NH2 

3-[(3,4-Dichloro-benzyl-methyl<arbamoyll-2-hydroxy^ 
methyl ester (Compotind 12-B) was treated with paraformaldehyde and 4-(2- 
amino-ethyl)benzenesiilfoiiamide as described in the preparation of 

10 Compound 12. The resulting residue was purified by chromatography (YMC 
Combiprep ODS-A, 30mm x 50mm, MeOH/H2O/0.r/o TFA) to yield the title 
compovmd as a white powder (47.9 mg, 19% yield). Decomposition point = 
110-113 °C. m NMR (500 MHz, DMSO) 6: 10.97 (s, IH), 7,72, (m, 2H), 7.61 
(d, IH, J=8.54), 7.51 (s, IH), 7.42 (m, 2H), 7.29 (m, 2H), 7.25, (m, IH), 4.56, (s, 

15 2H), 4.04, (s, 2H), 3.67 (m, 2H), 3.34 (m, 2H), 2.95 (d, 3H, /=6.41). HRMS (M- 
H) calcd for C21H20SN3CI2O5: 496.0500; found: 496.0503. 

EXAMPLE 18 

Compoimd 18: 3-{4-f(3,4-dichloro-ben2yl)-methyl-carbamoyn-3-hydroxy-2- 
20 oxo-2^-dihydro-pyrrol-l-yU-propionic acid 
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3-[(3,4rDidiloro-beiizyl-methyl<axbamoyl]-2-hydro 
methyl ester (Compound 12-B) was treated with paraformaldehyde and P- 
alanine as described in the preparation of Compoxmd 12. The resulting 
residue was purified by chromatography (YMC Combiprep ODS-A, 30mm x 
5 50mm, MeOH/H2O/0.1% TFA) to yield the title compoimd as an amber 
solid (48.5 mg, 25% yield). Mp=183-184 ^C. NMR (500 MHz, DMSO) 5: 
12.34 (s, 2H), 10.79 (s, IH), 7.61 (d, IH, /=8.54), 7.51 (s, IH), 7.24 (bs, IH), 4.57 
(s, 2H), 4.06 (s, 2H), 3.58 (t, 2H, / =6.40), 2.96 (bs, 3H), 2.54 (t, 2H, /=7.02). 
HEMS (M-H) calcd for C16H15N2CI2O5: 385.0358; found: 385.0364. 

10 

EXAMPLE 19 

Compound 19: l-(3,4-Dichloro-benzyD-4-hydroxy-5-oxO'23'-dihvdro-lH- 
pyrrole-S-carboxylic acid (3.4-dichloro-benzylVmethyl-amide 



O OH 



15 




3-[(3,4-Ettchloro-benzyl-methyl-carbamoyl]-2-hydroxy-acrylicacid 
methyl ester (Compoimd 12-B) was treated with paraformaldehyde and 3,4 
dichloro- benzylamine as described in the preparation of Compound 12. The 
20 title compoimd was isolated as a white foam (155mg, 66% )deld). ^H NMR 
(500 MHz, CDCI3) 5: 10.70 (bs, IH), 7.42 (d, IH, J=3.05), 7.40 (d, IH, /=3.05), 
7.34 (d, 2H, 7=1.83), 7.09 (dd, 2H, /=8.24, /=1.83), 4.62 (s, 2H), 4.57 (s, 2H), 4.06 
(s, 2H), 3.00 (s, 3H). HRMS (M-H) calcd for C20H15N2CI4O3: 470.9836; found: 
470.9832. 
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EXAMPLE 20 

Compound 20: (4-r(3.4-DicMoro-benzyn-methvl-< ajbamovl1-3-hvdioxv-2- 
oxo-23-dihvdro-PVTrol-l-yli-acetic add 



O OH 




3-[(34-Dichloro-benzyl-me%l<arbanu)yll-2-hydroxy-acryHc^^ 
methyl ester (Compound 12-B) was treated with paraformaldehyde and 
glycine as described in the preparation of Compoimd 12. The tittle compound 
10 was isolated as a white solid (80 mg, 43% yield). Mp=178-180 °C. m NMR 
(300 MHz, DMSO) 6: 12.97 (bs, IH), 11.07 (s, IH), 7.62 (d, IH, /=8.41), 7.53 (s, 
IH), 7.25 (d, IH, J=6.95), 4.59 (s, 2H), 4.15 (s, 2H), 4.10 (s, 2H), 2.98 (s, 3H). 
HRMS(M-H)calcdforCisHi3N2Cl205: 371.0201; found: 371.0216. 



15 EXAMPLE 21 

Compound 21: 4-Hydroxv-5-oxo-l-pvridin- 4-vl methvl-2,5-dihvdro-lH- 
pvrrole-3-carboxvlic add (3.4-dichloro-ben zvlVmethvl-amide 



O OH 




3-[(3,4-DicWoro-benzyl-methyl-<:arbam 
methyl ester (Compound 12-B) was treated with paraformaldehyde and 4- 
(amino-methyl)pyridine as described in the preparation of Compotind 12. 
The resisting residue was purified by chromatography (YMC Combiprep 
25 ODS-A, 30mm x 50mm, MeOH/H2O/0.1% TFA) to yield the title compound 
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as a sticky orange solid (10.5 mg, 5% yield). NMR (300 MHz, DMSO) 5: 
8.75 (d, 2H, J=6.22), 7.63-7.52 (m, 4H), 7.25 (d, 2H, J=7.31), 4.80 (s, 2H), 4.59 (s, 
2H), 4.1 (s, 2H), 2.99 (bs, 3H). HRMS (M-H) calcd for CigHieNsClaOs: 
404,0568; found: 404.0554. 

5 

EXAMPLE 22 

Compotind 22; l-(l-Eihyl-pyrrolidin-2-yl methyl)-4-hydroxy-5-oxo-23- 
dihydro-3-carboxylic add (3.4-dichloro-benzyl)-me1hyl-amide 



O OH 




3-[(3,4-Di<±loro-benzyl-methyl-carbamoyl]-2-hydroxy-aayUc acid 
methyl ester (Compotind 12-B) was treated with paraformaldehyde and 2- 
(aininomethyl)-l-ethylpyrrolidine as described in the preparation of 

15 Compound 12. The title compoimd was isolated as an orange solid (18.8 mg, 
9% yield). iR NMR (300 MHz, CDCb) 5: 12.26 (bs, IH), 7.43 (d, IH, 7=8.42), 
7.36 (s, IH), 7.13 (dd, IH, /=8.05, /=1.46), 4.61 (s, 2H), 4.12 (s, 2H), 3.93 (m, 
2H), 3.22 (t, IH, 7=8.78), 3.09 (s, 3H), 2.93 (m, 2H), 2.21-1.72 (m, 6H), 1.42 (t, 
3H, 7=6.95). HRMS (M-H) calcd for C20H24N3CI2O3: 424.11948; found: 

20 424.1200. 
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EXAMPLE 23 

Compoiiad 23-A: (2-(4-r(3.4-DicMorO"ben2ryl)-me1hvl<arbamovl1-^^^ 
2<)Xo-25-dihydro-pwol-l-vll-e&ylVphosphonic add diethyl ester 



O OH 



5 




3-[(3,4-IXdilorc>-benzyl-metiiyl<arbamoyl]-2-^^ 
methyl ester (Compotmd 12-B) was treated with paraformaldehyde and (2- 
aminoethyl)phosphoiuc add diethylester as described in the preparation of 
10 Compound 12. Trituration with CH2Cl2/hexane gave the title compound 
(106 mg, 44% yield). NMR (300 MHz, CDCb) 8: 7.41 (d, 1HJ=8.05), 7.35 
(s, IH), 7.10 (dd, IH, J=8.05, J=1.47), 4.60 (s, 2H), 4.25 (s, 2H), 4.11 (m, 4H), 
3.77 (m, 2H), 3.02 (s, 3H), 2.17 (m, 2H), 1.31 (t, 6H, 7=7.32). HRMS (M-H) 
calcd for Ci9H24PN2Cb06: 477.0749; found: 477.0749. 

15 

Compound 23: (2-{4-f(3>4-Didiloro-benzvlVmethvl-carbamovl1-3--hvdroxv-2- 
oxo-25-dihvdro-pvrrol'l-ylt-ethylVphosphonic add 



0 OH 




Compound 23-A (77 mg, 0.16 mmol) was stirred in acetic add (4 mL) 
and concentrated HCl (1 mL) at 120 "^C 18 hours. Mbcture was cooled to 
room temp and concentrated. Residue was purified by chromatography 
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(YMC Combiprep ODS-A, 3Qmm x SOmin, MeOH/H2O/0.1% TFA) to give 
the title compound as a white powder (4.4 mg, 6.5% yield)- NMR (300 

* 

MHz, DMSO) 5: 7.61 (d, IH, /=8.05), 7.52 (s, IH), 7.24 (d, IH, /=8.05), 4.58 (s, 
2H), 4.09 (s, 2H), 3.55 (m, 2H), 2.96 (bs, 3H), 1.84 (m, 2H). HRMS (M-H) calcd 
5 for C]sHi6PN2a206: 421.0123; found: 421.0139. 

EXAMPLE 24 

Compound 24; 4-j4-[(3,4-IIHdiIoro-benzyl)-metfaylKarbamoyl1-3-hydroxy-2- 
oxo-2.5-dihydro-pyrrol-l-yll-butyric add 

10 



O OH 




3-[(3,4-DicWoro-benzyl-methyl<arbamoyl]-2-hydroxy-aaylicadd 
methyl ester (Compotmd 12-B) was treated with paraformaldehyde and - 

15 aminobutyiic add as described in the preparation of Compound 12. The 

resulting residue was purified by dttomatography (YMC Combiprep ODS-A, 
30mm X 50mm, MeOH/H2O/0.1% TFA) to yield ihe title compound as a 
white powder (42.1 mg, 21% yield). NMR (300 MHz, CDCI3) 5: 7.42 (d, 
IH, 7=8.05), 7.36 (s, IH), 7.11 (dd, IH, /=8.05, /=1.10), 4.60 (s, 2H), 421 (s, 2H), 

20 3.58 (t, 2H, 7=6.22), 3.03 (s, 3H), 2.40 (t, 2H, J=6.95), 1.96 (t, 2H, 7=6.59). HRMS 
(M-H) calcd for Ci7Hi7N2Cl205: 399.0514; found: 399.0509. 
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EXAMPLE 25 

Compound 25: 2-(4-rf3.4-Dichloro-benzyl)-methyl<arbamoyl1-3-hydroxy-2- 
oxo-2^-dihydio-pyrrol4-yll-succinamic add 



O OH 




CX^NHg 



3-[(3,4-IXdiloro43enzyl-methyls:aibairvoyll-2-hydroxy-aaylic add 
methyl ester (Compotind 12-B) was treated with paraformaldehyde and 
asparagine as described in the preparation of Compound 12. The restilting 

10 residue was pvirified by dvromatography (YMC Combiprep ODS-A, 30mm x 
50rnm, MeOH/H2O/0.1% TFA) to yield the title compoimd as a white 
powder (12 mg, 6% yield). iH NMR (300 MHz, DMSO) 6: 13.1 (bs, IH), 11.05 
(bs, IH), 7.62 (d, IH, 7=8.42), 7.53 (s, IH), 7.51 (s, IH), 7.25 (bs, IH), 6.97 (s, 
IH), 4.90 (m, IH), 4.58 (s, 2H), 4.07 (s, 2H), 2.96 (s, 3H), 2.73 (m, 2H). HRMS 

15 (M-H) calcd for CiyHieNaChOe: 428.0416; found: 428.0415. 

EXAMPLE 26 

Compoxmd 26: 4-Hydroxy-5-oxo-l-(2-piperidin-l-yl-ethyl)-2^-dihydio-lH- 
pyrrole-3-carboxylic add (3,4-didiloro-benzyl)-methyl-amide 

20 

O OH 
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3-[(3,4-DicMoro-beivzyl-meihyl<arbamoyl]-2-hydroxy-acrylicacid 
methyl ester (Compound 12-B) was treated with paraformaldehyde and l-(2- 
aininoethyl)piperidine as described in the preparation of Compound 12. The 
resulting residue was pimfied by trituration with CH2CI2 to yield the title 

5 compoimd as a white solid (81.2 mg, 38% yield). Decomposition point=178- 
182 "C. m NMR (300 MHz, DMSO) 5: 10.99 (s, IH), 7.62 (d, IH, /=8.25), 732 
(d, IH, 7=1.46), 7.26 (d, IH, /=7.68), 4.60 (s, 2H), 4.13 (s, 2H), 3.81 (t, 2H, 
7=5.85), 3.48 (d, 2H, 7=11.34), 3.27 (d, 2H. 7=4.76), 3.00 (s, 2H), 2.86 (m, 3H), 
1.77 (m, 6H). HRMS (M+H) calcd for C2oH26N3a203: 426.1351; found: 

10 426.1346. 

EXAMPLE 27 

Compound 27: l-(2-Acetylamino-ethyl)-4-hydroxy-5-oxo-2,5-dihydro-lH- 
pyrrole-5-carboxytic add (3.4-dichloro-benzyl)-methyl-amide 

15 

O OH 




3-[(3,4-Dichloro-benzyl-methyl-carbamoyll-2-hydroxy-acrylicadd 
n^thyl ester (Compoimd 12-B) was treated with paraformaldehyde and N- 

20 acetylethylene diamine as described in the preparation of Compovmd 12. The 
resulting residue was purified by chromatography (YMC Combiprep ODS-A, 
30mm X 50mm, MeOH/H2O/0.1% TFA) to yield the title compound as a 
white powder (60.8 mg, 30% yield). iH NMR (500 MHz, CDCI3) 5: 7.44 (d, 
IH, 7=8.24), 7.36 (s, IH), 7.11 (dd, IH, 7=9.76, 7=7.93), 6.77 (s, IH), 4.60 (s, 2H), 

25 4.29 (s, 2H), 3.68 (t, 2H, 7=5.18), 3.55 (q, 2H, 7=5.80), 3.05 (s, 3H), 2.02 (s, 3H). 
HRMS (M-H) calcd for C17H18N3CI2O4: 398.0674; found: 398.0682. 
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EXAMPLE 28 



Compound 28: 7-f4-r(3.4-didiloro-benzyl)-methylKarbamoy 
oxo-23Kiihydro-pyrrol-l-yl}-heptanoic add 




O OH 



CO2H 



3-[(3,4rI)icWoro-ben2yl-methyl-carbamoyl]-2-hy(koxy-acryHcacid 
methyl ester (Compoxind 12-B) was treated with paraformaldehyde and 7- 
amino-heptanoic add as described in the preparation of Compound 12. The 

10 resulting residue was purified by chromatography (YMC Combiprep ODS-A, 
30mm X 50mm, MeOH/H2O/0.1% TFA) to yield the title compound as a 
white powder (112 mg, 5% yield). NMR (500 MHz, CDOa) 5: 11.95 (bs, 
IH), 11.00 (s, IH), 7.61 d, IH, 7=824), 7.52 (s, IH), 7.25 (s, IH), 4.58 (s, 2H), 
4.04 (s, 2H), 3.36 (m, 2H), 2.98 (s, 3H), 2.18 (t, 2H, /=7.33), 1.48 (m, 4H), 126 

15 (m, 4H). HRMS (M+H) calcd for C20H25N2CI2O5: 443.1140; found: 443.1153. 
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EXAMPLE 29 



Compound 29: 2-(3-(4-r(3.4-Didiloro-beri2yl)-methyl<arbamoyl1-3-^^ 
2<)XO-23-dihydro-pyrrol-l-yl}-propionylaininO'3-(^^ 
yl)-propionic acid 



3-[(3,4-DicWoro-benzyl-methyl<arbamoyl]-2-hydroxy-ac^ 
methyl ester (Compound 12-B) was treated with paraformaldehyde and L- 

10 anserine nitrate as described in the preparation of Compound 12. The 

resulting residue was purified by chromatography (YMC Combiprep ODS-A, 
30mm X 50mm, MeOH/H2O/0.1% TFA) to yield the title compound as a 
white soUd (3.3 mg, 1% yield). iR NMR (500 MHz, CDCb) 5: 8.56 (s, IH), 
7.36 (d, IH, 7=8.24) 7.29 (m, IH), 7.20 (s, IH), 7.04 (m, IH), 4.69 (m, IH), 4.52 

15 (s, 2H), 4.05 (s, 2H), 3.76 (s, 3H), 3.65 (t, 2H, /=5.80), 3.14 (m, 2H), 2.94 (s, 2H), 
2.51 (m, 2H). HRMS (M+H) calcd for C23H26N5CI2O6: 538.1260; found: 
538.1280. 




HN 
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EXAMPLE 30 

Compound 30: 4-Hvdroxy4-(3-iimda2oM-yl-propyl)-5K?x<>2^-dihydro-lH- 
pyrrole-3-carboxvKc add (3,4-dichloro-ben2yl)-inethyl-ainide 



O OH 



5 




3-[(3,4-DidUoro4>enzyl-meihyl<arbamoyl]-2-hydroxy-acrylicadd 
methyl ester (Compoixad 12-B) was treated with paraformaldehyde and N- 
propylamino imidazole as described in the preparation of Compoxmd 12. 

10 The restilting residue was purified by diromatography (YMC Combiprep 
ODS-A, 30mm x 50mm, MeOH/H2O/0.1% TFA) to yield the title compound 
as an amber foam (59.1 mg, 28% yield). iH NMR (300 MHz, DMSO) 6: 14.47 
(bs, IH), 11.05 (bs, IH), 9.10 (s, IH), 7.82 (s, IH), 7.70 (s, IH), 7.62 (d, IH, 
7=8.05), 7.52 (s, IH), 7.25 (d, IH, /=7.32 ), 4.59 (s, 2H), 4.19 (t, IH, /=6.95), 4.09 

15 (s, 2H), 3.41 (t, 2H, 7=6.59), 2.98 (s, 3H), 2.13 (t, 2H, 7=6.59). HRMS (M+H) 
calcd for Ci9H2iN4Cl203: 423.0990; found: 423.0982. 



EXAMPLE 31 

Compound 31: 4-Hydroxy-5-oxo-l-thiophen-2-yl methyl-2.5-dihydro-lH- 
20 pyrrole-3-carboxylic add (3.4-dichloro-benzyl)-methyl-amide 



O OH 
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3-[(3/4-DidiloK>benzyl-methyls:aibamoyll-2-hydxoxy-acaylicacid 
methyl ester (Compound 12-6) was treated with paraformaldehyde and 
methylamine thiophene as described in the preparation of Compound 12. 
The resulting residue was pxirified by chromatography (YMC Combiprep 
5 ODS-A, 30mm x 50mm, MeOH/H2O/0.1% TFA) to yield the title compound 
as a white powder (58.7 mg, 28% yield), m NMR (300 MHz, CDCk) 6: 7.41 
(d, IH, 7=8.05), 7.33 (d, IH, 7=1.83), 7.26 (m, IH), 7.08 (dd, IH, 7=8.05, 7=1.83), 
6.97 (m, 2H), 4.85 (s, 2H), 4.57 (s, 2H), 4.11 (s, 2H), 3.00 (s, 3H). HRMS (M-H) 
calcd for CisHisSNiChCb: 409.0180; found: 409.0190. 

10 

EXAMPLE 32 

■ 

Compound 32-A: (4-Methyl-piperazii\-ylVacetoiutrile 



15 



— N N-\ 
^ fcN 



A mixture of 1-methyl piperazdne (0.55 mL, 5.0 mmol), potassium 
carbonate (3.49 g, 25 mmol) and chloroacetonitrile (0.34 mL, 5.6 mmol) in 
acetomtrile (3 mL) was stirred at room temperature 8 h. The mixture was 
diluted with diethyl ether and filtered and concentrated to yield the tide 
20 compound as yellow crystals (536.6 mg, 77% yield). MMR (500 MHz, 
CDCb) 6: 3.50 (s, 2H), 2.66 (t, 4H, J=4.58), 2.52 (bs, 4H), 2.33 (s, 3H). 



Compound 32-B: 2-f4-Methyl-piperazin-l-yl)'ethylamine 



— N N- 

25 ^ ^NH2 



To a suspension of Uthium alumintun powder (0.16 g, 4.2 nimol) and 
diethyl ether (5.0 mL) cooled to 0 ®C, was added dropwise a solution of the 
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above compound (0-536 g, 3.86 nunol) dissolved in diethyl ether/THF (14 
mL, 1:1). The resisting nuxture was stirred at room temperate The 
mixture was cooled to 0 ®C and 2N aqueous NaOH added dropwise. The 
mixture was stirred for 20 mia and the precipitate was filtered. The organic 
5 solution was concentrated and the resulting oil was dissolved in ethylacetate. 
A solution of 4N HCl in dioxane (0.97 mL) added and white precipitate 
fatered to yield the title compound as the HCl salt NMR (500 MHz, 
DMSO) 5: 9.48 (s, 2H), 4.18 (m, 6H), 3.75 (m, 2H), 3.68 (m, 2H), 3.26 (m, 2H), 
2.82 (s,3H). 

10 

Compound 32: 4-Hydroxv-l-f2"(4-methyl'piperazin4-yl)-€thyn-5-oxo-2,5- 
dihydro-lH-pyrrole-3-carboxylic acid (3,4'dichloro-benzyl)-methyl-amide 



O OH 




15 

3-[(3,4-DicMoro-benzyl-mefhyl<arbamoyl]-2-hydroxy-acrylicacid 
methyl ester (Compoxmd 12-B) was treated with paraformaldehyde and 2-(4- 
methyl-piperazine-l-yl)-ethyl amine as described in the preparation of 
Compound 12. The resulting residue was purified by chromatography (YMC 
20 Combiprep ODS-A, 30mm x 50mm, MeOH/H2O/0.1% TFA) to yield the tide 
compound as an amber glass (27 mg, 12% yield). ^H NMR (300 MHz, DMSO) 
5: 7.63 (d, lH,/=8.42), 7.52 (s, IH), 7.25 (d, IH, 7=7.31), 4.59 (s, 2H), 4.24 (m, 
lOH), 4.11 (s, 2H), 3.58 (s, 2H), 2.98 (s, 3H), 2.78 (s, 3H). HRMS (M-H) calcd 
for C2oH25N4Ch03: 439.1303; found: 439.1311. 
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EXAMPLE 33 

Compound 33: 4-{4-r(3.4-I>ihydro-benzylVmethyl<:arbamoy 
oxo-23<iihydro-pvrroH-yl}-butyric acid methyl ester 



O OH 




MeOaC 



3-[(3,4-Dichloro-benzyl-methylK:arbamoyl]-2-hydroxy-aayU^ 
methyl ester (Compound 12-B) was treated with paraformaldehyde and 4- 
aminobutyrate hydrochloride as described in the preparation of Compoimd 

10 12. The resulting residue was purified by chromatography (YMC Combiprep 
ODS-A, 30mm x 50mm, MeOH/H2O/0.1% TFA) to yield the title compound 
as an amber oil (18.9 mg, 9% yield). NMR (300 MHz, CDCI3) 5: 7.41 (m, 
2H), 7.09 (m, IH), 4.60 (s, 2H), 4.18 (s, 2H), 3.65 (s, 3H), 3.55 (t, 2H, J=7.32), 
3.03 (s, 3H), 2.36 (t, 2H, /=7.32), 1.94 (t, 2H, /=6.95). HRMS (M+H) calcd for 

15 C18H21N2CI2O53: 415.0827; found: 415.0831. 

EXAMPLE 34 

Compound 34: 3-{4-r(3.4-DicMoro-benzylVmethvl-carbamoyll-3-hydroxv-2-- 
oxO'2^-dihydro-pyrrol-l-yll"propioiuc acid methyl ester 

20 

O OH 




C02Me 
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3-[(3,4-DicWoro-benzyl-methyl<arbamoyll-2-hydioxy-acrylicacid 
methyl ester (Compound 12-B) was treated with paraformaldehyde and 
alanine methyl ester as described in the preparation of Compound 12. The 
resulting residue was purified by chromatography (YMC Combiprep ODS-A, 
5 30mm x 50mm, MeOH/H2O/0.1% TFA) to yield the title compound as an 
amber oil (34.3 mg, 17% yield). iR NMR (300 MHz, CDCI3) 5: 7.41 (m, 2H), 
7.09 (m, IH), 4.59 (s, 2H), 4.27 (s, 2H), 3.77 (m, 2H), 3.67 (s, 3H), 3.03 (s, 3H), 
2.69 (t 2H, 7=6.22). HRMS (M+H) calcd for Ci7Hi9N2a205: 401.0671; found: 
401.0669. 

10 

EXAMPLE 35 

Compoimd 35: {3-r2-(2-(4-r(3.4-Dichloro-benzyl)-methyl-carbamovl1-3- 

hydroxy-2-oxo-2>5-dihydro-pyirol-l-yll-acetylamino)-acetylamino1- 
propionylaminol-acetic add 

15 

O OH 




HN 

) 

HO2C 

3-[(34-DicWoro-benzyl-methyl<arbamoyl]-^^ 
methyl ester (Compoxmd 12-B) was treated with paraformaldehyde and H- 
20 gly-gly-P-ala-gly-OH as descnibed in the preparation of Compound 12. The 
reaction mixture was diluted with water and ethylacetate. The white solids 
were filtered as the title compoimd (88.2 mg, 32% yield). NMR (300 MHz, 
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DMSO) 6: 8.31 (t, IH, /=5.49), 8.20 (t, IH, /=5.49), 7.92 (t, IH, /=5.49), 7.61 (d, 
IH, 7=8.42), 7.52 (s, IH), 7.25 (d, IH, /=6.59), 4.59 (s, 2H), 4.09 (s, 4H), 3.69 (m, 
6H), 2.94 (bs, 3H), 2.30(t, 2H, 7=7.31). HRMS (M-H) calcd for C22H24N5CI2O8: 
556.1002; found: 556.0994. 

5 

EXAMPLE 36 

Compotind 36: 4r{4-[(3,4-Dichloro4?enzylVmethvl-Kaibamoyl1-3-hydroxy-2- 
oxo-2^-<iihydro-pvrrol-l-yl methyll-benzoic add 



10 





0 OH 






7 




CI 










HO2C 



o 



3-[(3,4-Dichloro-ben2yl-rnetiiyl<arbamoyl]-2-hydroxy-ac^ 
methyl ester (Compound 12-B) was treated with paraformaldehyde and 4- 
(aminometiiyl)benzoic acid as described in the preparation of Compound 12. 

15 The resulting residue was triturated with chloroform to give the title 

compound as a white soM (160 mg, 71% yield). iR NMR (300 MHz, DMSO) 
6: 12.94 (s, IH), 11.14 (s, IH), 8.32 (s, IH), 7.93 (d, 2H, 7=8.05), 7.60 (d, IH, 
7=8.45), 7.50 (s, IH), 7.35 (d, 2H, 7=7.84), 723 (ds, IH, 7=8.05), 466 (s, 2H), 4.57 
(s, 2H), 3.99 (s, 2H), 2.97 (s, 3H). HRMS (M+H) calcd for C2iHi7N2Cl205: 

20 447.0515; found: 447.0530. 
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EXAMPLE 37 

Compound 37-A: N-(3.4-Didiloro-benzylV2-(2.2Kiimethy^ 
ri31ciioxolan-4-yMeneVN-methyl'-acetaimde 




5 CI 

To a suspaision of (2^-Dimetiiyl-5-oxo-[l^]dioxolan-4-ylid©rie)-acetic 
add. Compound III-A, (4.5g/ 26^ mmol) in benzene (30 mL) was added 
oxalyl chloride (15 mL) and the resulting mixture was heated at reflux for 1 h. 

10 The mixture was cooled to room temp, and concentrated. The residue was 
dissolved ia methylene chloride (30 mL) and cooled to 0° C. To this was 
added a suspension of (3,4rdichloro-benzyl)-methyl-amine hydrochloride salt 
(5.0g, 22.1 mmol) in methylene chloride (30 mL) and pyridine (18 mL). The 
resulting mixture was stirred at room temp for 18 h then diluted with IN 

15 HCl. The aqueous phase was saturated with sodium chloride and extracted 
with methylene chloride (3 times). The organic layers were combined, dried 
(Na2S04), and concentrated. The brown oil was purified over silica gel 
eluting with ethyl acetate/hexane (1:1) to give the title compound as a pale 
yellow oil that solidified to a white solid upon standing (6.2g, 82% yield). 

20 NMR (300 MHz, DMSO) 6: 7.44 - 7.10 (m, 3H), 6.16 (s, 0.66H), 6.08 (s, 0.33H), 
4.59 (s, 1.33H), 4.53 (s, 0.67H), 3.02 (s, 2H), 2.97 (s, IH), 1.74 (s, 4H), 1.69 (s, 
2H). 
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Compoxmd 37: 3'(3-{4'f(3.4-DicMoro-ben2yl)-methvlKarbamovll-3^^ 



A mixture of paraformaldehyde (0.015 g, 0.5 mmol) and methanol (1.5 
mL) was warmed to 55° C. Added to this mixture was H-P-Ala-P-ala-OH 
(0.08 g, 0.5 mmol) and the solution was stirred 5 min. N-(3,4-Dichloro- 
benzyl)-2-(2,2Kiimethyl-5K)xo[l^]dioxolane-4-yKdene)-^^ 
10 (0.1715 g, 0.5 mmol) was added and the mixture was stirred at 55° C for 45 
min. The mixture Was concentrated and the resulting residue was triturated 
with ethylacetate and filtered to give the desired product as a white solid 



(0.0358 g, 16% yield). iH NMR (300 MHz, DMSO) 5: 2.35 (t, /=6.7 Hz, 4H), 
2.96 (s, 3H), 3.32 (m, 2H), 3.57 (m, 2H), 4.02 (s, 2H), 4.57 (s, 2H), 7.23 (d, 
15 7=6.6 Hz, IH), 7.51 (s, IH), 7.61 (d, /=8.4 Hz, IH), 8.05 (t, /=10.3 Hz, IH), 
10.97 (s, IH), 12.19 (s, IH). HRMS (M+H) calcd for C19H21N3CI2O6: 
456.07292; found: 456.0738. 



2oxo-23-dihydro-pyrrol-l-yl]-propionylaimnoVpropioiuc acid 




CO2H 
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EXAMPLE 38 

Compotind 38; 4-Hydroxy4-f2-(3-morpholm-4-vl-propionylamino)-^thyl"l-5- 
oxo-2^-djhydro-lH-pyTrole-3-caiboxylic add (3.4-dichloro-benzyl)-me1hyl- 
amide 

5 

O OH 




N-(3,4-Dichloro-benzyl)-2-(2;2-dimethyl-5<ixo-[l^]dioxolan-4- 
ylidene)-N-metihyl-acetainide (Compound 37-A) was treated witii 

10 paraformaldehyde and N-(2-amino-ethyl)-3-morpholm-4-yl-propionamide as 
described in the preparation of Compoxmd 37. The desired product was 
isolated as a white solid (0.0134 g, 5% yield), m NMR (300 MHz, CDCI3) 5: 
2.41 (m,2H), 2.64(bs,2H), Z72(bs,2H), 2.98 (m,2H), 3.03 (s,3H), 3.51 (t, 
7=5.6 Hz, 2H), 3.63 (t, /=5.2 Hz, 2H), 3.78 (m, 4H), 4.35 (s, 2H), 4.59 (s, 2H), 

15 7.11 (d, 7=8.1 Hz, IH), 7.35-7.44 (m, 3H), 8.27 (t, IH). HRMS (M+H) calcd for 
C22H28N4CI2O5: 497.13585; found: 497.1377. 
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EXAMPLE 39 

Compound 39: (3-{4-r(3,4-DicMoro-ben2yl)-methyl-carbamoyl1-3-hydroxy-2- 
oxo-23-dihydio-pyTTOl-l-yll-propionylairimo)-aceticacid 



O OH 




HN 

HOaC' 



N-(3,4-Dichloro-beivzyl)-2-(2^-<iimeihyl-5K)xo-[l,3]dioxolan-4^ 
ylidene)-N-methyl-acetajDciide (Compound 37- A) was treated with 
paraformaldehyde and H-^-ala-gly-OH as described in the preparation of 

10 Compound 37. The title compound was purified by chromatography (YMC 
Combiprep ODS-A, 30mm x 50mm, MeOH/H2O/0.1% TFA) to yield flie title 
compoimd as an amber powder (0.0158 g, 7% yield). NMR (300 MHz, 
DMSO) 6: 2.45 (t, }=6.9 Hz, 2H), 2.98 (m, 3H), 3.60 (m, 2H), 3.73 (d, /=5.7 • 
Hz, 2H), 4.06 (s, 2H), 4.57 (s, 2H), 7.23 (d, /=7.2, IH), 7.65 (d, 7=8.4 Hz, IH), 

15 8.32 (m, IH), 10.98 (bs, IH), 12.50 (bs, IH). HRMS (M-H) calcd for 
CisHwNaCkOe: 442.05727; found: 442.0584. 

EXAMPLE 40 

Compound 40: l-(2-Carbamoyl-ethyl)-4-hydroxy-5-oxo-2^-dihydro-lH- 
20 pyrrole-3-carboxylic acid (3.4-dichloro-benzyl)-methyl-amide 



O OH 




HaN 
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N-(3,4-DicWoro43enzyl)-2-(2^Kiiaielhyl-5<>xo-[^^^ 
ylidene)-N-methy],-acetainide (Compound 37-A) was treated with 
paraformaldehyde and ^-alaninamide as described in the preparation of 
Compound 37. The title compound was purified by chromatography (YMC 
5 Combiprep ODS-A, 3Qmm x SOmm, MeOH/H2O/0.1% TFA) to yield the title 
compound as an amber powder (0.0158 g, 7% yield). iR NMR (300 MHz, 
CDCI3) 5: 2.68 (t, 7=5.9 Hz, 2H), 3.02 (s, 3H), 3.79 (d, /=5.9 Hz, 2H), 4.29 (s, 
2H), 4.58 (s, 2H), 6.23 (s, IH), 6.59 (s, IH), 7.09 (dd, /=8.4 Hz, 7=10.3 Hz, 
IH), 7.34 (d, 7=1.8 Hz, IH), 7.42 (d, 7=8.4 Hz, IH). HRMS (M-H) calcd for 
10 C16H17N3CI2O4: 384.05179; found: 384.0517. 



EXAMPLE 41 

Compoimd 41: 4-(4-r(3,4-Dichloro-benzyl)-methyl-carbamoyn-3-hydToxy-2- 
oxo-25-dihydio-pyrrol-l-ykn.ethyll-benzoic add methyl ester 

15 





0 OH 






7 


\ \ |SJ 


CI 










MeOaC 



o 



N-(3,4-Dichloro-benzyl)-2-(2,2-dimethyl-5-oxo-[l,3]dioxolan-4r 
ylidene)-N-methyl-acetamide (Compotmd 37-A) was treated with 

20 paraformaldehyde and 4-(aminomeiliyl)-benzoate hydrochloride salt with 1 
equivalent of triethyl amine as described in the preparation of Compoimd 37. 
The title compotmd was purified by chromatography (YMC Combiprep 
ODS-A, 30mm x 50mm, MeOH/H2O/0.1% TFA) to yield the title compound 
as a yellow foam (0.060 g, 26% yield). iH NMR (300 MHz, CDCI3) 8: 2.98 (s, 

25 3H), 3.91 (s, 3H), 4.05 (s, 2H), 4.56 (s, 2H), 7.07 (dd, 7=1.8 Hz, 7=8.1 Hz, IH), 
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7.30 (m, 3H), 7.40 (m, IH), 8.00 (d, /=8.1 Hz, IH). HRMS (M-H) calcd for 
C22H20N2CI2O5: 461.0671; found: 461.0690. 

EXAMPLE 42 

5 Compoimd 42: l-(2<!yano-etiiylV4-hydroxy-5K)xo-23Kiihydro-lH-pyrrol^ 
carboxylic add (3,4-dichloro-benzyl)-me1hyl-aimde 



0 OH 




10 N-^3,4-Dichloro-benzyl)-2-(2,2-KJimethyl-5-oxo-[l^]dioxolan-4- 
ylidene)-N-methyl-acetaimde (Compound 37-A) was treated with 
paraformaldehyde and 3-2uninopropioiutirile with 1 equivalent of trieliiyl 
amine as described in the pr^aration of Compoimd 37. The title compound 
was purified by chromatography (YMC Combiprep ODS-A, 30mm x 50mm, 

15 MeOH/H2O/0.1% TFA) to yield the title compound as a yellow foam (0.0819 
g, 45% yield). iH NMR (300 MHz, CDCI3) 5: 2.73 (t, /=6.3 Hz, 2H), 3.04 (s, 
3H), 3.78 (t, 7=6.3 Hz, 2H), 4.40 (s,2H), 4.60 (s,2H), 7.11 (dd, /=1.8 Hz, J=8.1 
Hz, IH), 7.35 (d, 7=1.5 Hz, IH), 7.43 (d, 7=8.4 Hz, IH). HRMS (M-H) calcd 
for C16H15N3CI2O3: 366.04122; found: 366.0428. 
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EXAMPLE 43 

Compoiiad 43: 4-Hydjoxy-l-(3-morpholin-4-yl-propyl)-5<)xo-2^-d^ 
lH-pyiTole-3-carboxylic add (3.4-dichloro-benzyl)-methyl-aimde 



O OH 



5 




N-(3,4-DicWoro4)enzyl)-2-(2;2-<iimethyl-^^ 
ylidene)-N-inethyl-acetainide (Compoxmd 37-A) was treated with 
paraformaldehyde and N-(3-aminopropyl)morpholine as described in the 
10 preparation of Compoimd 37. The title compound was isolated as a white 
soUd (0.1345 g, 61% yield). iH NMR (500 MHz, DMSO) 5: 1.69 (t J=6.4 Hz, 
2H), 2,25 (s, 2H), 2.32 (s, 4H), 2.97 (s, 3H), 3.40 (t, 7=6.4 Hz, 2H), 3.55 (s, 
4H), 4.05 (s, 2H), 4.59 (s, 2H), 7.24 (s, IH), 7.51 (s, IH), 7.62 (d, /=8.3 Hz, 
IH). HRMS (M-H) calcd for C20H25N3CI2O4: 442.13005; found: 442.1296. 

15 

EXAMPLE 44 

Compoimd 44- A: 4-Fluoro-benzaldehyde O-methyl-oxime 




A solution of methoxylamine hydrochloride (13.4 g, 0.16 mol) in a 
mixture of water (150 ml) and tetrahydrofuran (50 ml) was treated with 
sodium acetate (11.2 g, 0.136 mol) followed by 4-fluorobenzaldehyde (11.57 g. 
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93.2 mmol) and the resulting mixture was stirred at 22^C for 4 hours. The 
reaction mixture was then diluted with ether, washed with brine and dried 
over anhydrous magnesitim sulfate. Evaporation of the solvent under 
reduced presstire gave 14.3 g of the crude title material as a dear oil which 
5 was used as such for the next step. Distillation of an aliquot in vacuo gave a 
dear oil; bp 45-n50 ^1/0.5 torr. iRNMR 400 MHz (CDCI3) 5 (ppm) : 3.99 (3H, 
s), 7.09 (2H, m), 7.6 (2H, m), 8.06 (IH, s). 

Compound 44-B: N-(4-FluorO"ben2yl)-0-methyl-hydroxylamine 

10 




A solution of 4-fluorobenzaldehyde-O-methyloxime (93.2 mmol) in 
dichloromethane (150 ml) was treated with sodium cyanoborohydride (9.18 

15 g, 0.146 mol) followed by 120 ml of 2 N hydrochloric add in methanol added 
dropwise over 30 minutes. After 96 h at 22 the solvent was evaporated 
under reduced pressure and the residue was slurried with water and the pH 
was adjusted to 9 with 2 N aqueous sodium hydroxide. The aqueous phase 
was extracted twice with dichloromethane and the combined organic extracts 

20 were washed with brine, dried (magnesium stdf ate) and concentrated imder 
reduced pressure. The residual oil was chromatographed on silica gel 
(elution toluene-ethyl acetate 0-10% yield) and gave 5.92 g (41 % yield) of the 
title amine as a dear oU. ^HNMR 400 MHz (CDCI3) 5 (ppm): 3.49 (3H, s), 4.01 
(2H, s), 5.69 (IH, broad s), 7.01 (2H, m), 7.31 (2H, m). The hydrochloride salt 

25 was obtained as a white solid: mp 170-171 °C. Anal, calcd for CsHioFNO- 
HCL Q 50.14; H, 5.78; N, 7.31. Found: Q 50.31; H, 5.80; N, 7.26 

In an alternative procedure a solution of 4-fluorobenzaldehyde O- 
methyloxime (0.82 g, 5.35 mmol) in acetic add ( 8 ml ) was treated at 10 Kl 
with soditun cyanoborohydride (0.67 g, 10.7 mmol) added in small portions 
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over 10 min and the residting solution was stirred at 25 °C for 18 h. The 
solvent was evaporated under reduce pressure (co-evaporation with toluene 
twice) and the residue was slxirried with water and the pH was adjusted to 9 
with 2 N aqueous sodiiun hydroxide. The aqueous phase was extracted 
5 twice with ether and the combined organic extracts were washed with brine, 
dried (magnesium sulfate) and concentrated under reduced pressure. The 
residual oil was chromatographed on silica gel (elution hexane-ethyl acetate, 
8 :2) and distilled in vacuo to give 0.62 g (75 % yield) of the title amine as a 
clear oil. 

10 

Compoimd 44-C: 2-(2,2-Dimethyl-5-oxo-ri^1dioxQlan-4-ylideneVN"(4-£luoro- 
benzylVN-methoxy-acetamide 




15 

A solution of (2,2-dimethyl-5-oxo-[131dioxolan-4-ylidene)-acetyl 
chloride (2.45 g, 12.9 mmol) in dichloromethane (15 ml) was added dropwise 
over 10 minutes to a cold (0-5 °C) mixture of N-4-fluoroben2yl-0-methyl- 
hydroxylamine (2.0 g, 12.9 mmol) and pyridine (2.1 ml, 25.7 mmol) in 

20 dichloromethane (50 ml). The cooling bath was then removed and the 

solution was stirred at 22 for 30 minutes. The reaction mixture was then 
quenched by the addition of water and ethyl acetate. The organic phase was 
weished successively with 0.1 N hydrochloric add, saturated sodium 
bicarbonate, brine and dried (magnesixmi sulfate). Evaporation of tiie solvent 

25 and chromatography of the residue on silica gel (toluene-ethyl acetate, 8:2) 
gave 3.72 g (93 % yield) of the tide amide as white crystcds: mp 111 (ethyl 
acetate-hexane). ^HNMR 400 MHz (CDCI3) 5 (ppm): 1.75 (6H, s), 3.68 (3H, s). 
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4.79 (2H, s), 6.38 (IH, s), 7.0 (2H, m), 7.34 (2H, m). Anal, calcd for 
CisHisFNOs: C 58.25, H 5.21, N 4.52; Found: C 58.33, H 5.38, N 4.51. 

Compound 44"D: 3"[(4-nuoro-benzyl)-methoxyK:arbainoyll-2-hydroxy- 
5 acrvHc add methyl ester 



10 fluoroben2yl)-N-methoxy-acetamide (0.64 g, 2.07 mmol) in methanol (50 ml), 
was treated at 22 with 0.025 ml of a 4.6 M solution of soditim methoxide ia 
methanol and the resulting mixture was stirred for 2h at the same 
temperature. The reaction mixture was then quenched by the addition of 1 
ml of 1 N hydrochloric acid and the solvent was concentrated vinder reduced 

15 pressure. The residue was diluted with ethyl acetate, washed with water and 
brine and then dried over anhydrous magnesium sulfate. Evaporation of the 
solvent and crystallization of the residue from a mixture of ethyl acetate and 
hexane gave 0.559 g (95% yield) of the title ester as white prisms; mp 71 °C. 
iHNMR 400 MHz (CDCI3) 5 (ppm), mixture of rotamers, major: 3.69 (3H, s. 



20 OCH3), 3.89 (3H, s, OCH3), 4.80 (2H, s, NCH2), 6.45 (IH, s, CH), 7.03 (2H, m, 
aromatics), 7.30 (2H, m, aromatics). Anal, calcd for C13H14FNO5: C, 55.12; H, 
4.98; N, 4.94. Found: C, 54.95; H, 4.73; N, 4.67. 



O 



OH 




A solution of 2-(2,2-dimethyl-5-oxo-[l,3]dioxolan-4-ylidene)-N-^4- 
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Compound 44: 4"Hydroxy'l-methyl"5<>xo-2^Kiihydro-lH"py^ 
carboxylic acid (4-fluoro-ben2yl)-methoxy-ainide 



O OH 




Method 44A : 3-[(4-nuorobeiizyl)-iriethoxy-carbamoyl]-2-hydroxy- 
acrylic acid methyl ester was treated with paraformaldehyde and 
methylamine as described in the preparation of Compoimd 12 to give the title 
compound as a white solid (48% yield); mp 125 dec. ^HNMR 400 MHz 
10 (CDCI3) 5 (ppm): 3.1 (3H, s, NCH3), 3.72 (3H, s, OCH3), 4.15 (2H, s, NCH2), 
4.84 (2H, s, NCH2), 7.04 (2H, m, aromatics), 7.32 (2H, m, aromatics). Anal, 
calcd for C14H15FN2O4: C, 57.14; H, 5.13; N, 9.52. Found: C, 56.87; H, 5.12; N, 
9.42. 

Method 44B : A solution of 2 M methylamine in tetrahydrofuran (0.58 
15 ml, 1.16 nunol) was added to a mixture of paraformaldehyde (0.35 g, 1.16 
mmol, eqtdvalent of formaldehyde) in methanol (3ml) and the resulting 
mixture was heated at 60 °C for 5 min. Then solid 2-(2,2-diinethyl-5-oxo- 
[l,3]dioxolan-4-ylidene)-N-(4-fluorobenzyl)-N-methoxy-acetamide (0.30 g, 
0.97 mmol) was added all at once and the resulting mixture was maintained 
20 at 60 for another 60 min. The reaction mixture was then quenched by the 
addition of ethyl acetate and pH 2 phosphate buffer. The organic phase was 
washed with brine, dried (anhydrous magnesium stdfate) and concentrated 
imder reduced pressure, Recrystallization of the solid residue from a mixture 
of ethyl acetate and hexane gave 0.181 g (64% yield) of the tide material as a 
25 white solid. 
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EXAMPLE 45 



Compound 45: 4rHydroxy-l-(2-morpholinc>-4-yl-ethyl)-5K)XO-2^-dihydro- 
lH-pyrrole-3<arboxylic add (4-fIuorQ-benzyl)-methoxy-amide 



3-[(4-Fluoro-benzyl)-methoxy-carbainoyl]-2-hydroxy-acrylicadd 
methyl ester (Compoimd 44-D) was treated with paraformaldehyde and N- 
(2-aminoethyl) morphiline as described in the preparation.of Compoimd 13. 
10 Hie reaction mixture was diluted with water and extracted the CEbCh. After 



concentration of the organic phase, the residue was triturated with EtOAc 
and the solid filtered to yield the title compound as a whiie soUd (0.1444 g. 



37% yield). iR NMR (500 MHz, DMSO) 6: 3.08 (d, /=11.1 Hz, 2H), 3.41 (d, 
7=5.2 Hz, 2H), 3.51 (d, 7=12.2 Hz, 2H), 3.69 (t, 7=11.9 Hz, 2H), 3.75 (s, 3H), 
15 3.81 (s, 2H), 3.98 (d, 7=13.2 Hz, 2H), 4.25 (s, 2H), 4.88 (s, 2H), 7.18 (t, 7=8.8 
Hz, 2H), 7.37 (m, 2H), 10.11 (s, IH), 11.42 (s, IH). HRMS (M+H) calcd for 
C19H24FN3O5: 392.16217; found: 392.1627. 



O 



OH 



5 
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EXAMPLE 46 

Compound 46: 4-HydTOxy-5-oxcHl-(2-pipCTazm-l-yl-ethylV25-dihydro-lH- 
pyrrole-3-carboxylic add (4-fluoro-benzyl)-methoxy-ainide 



O OH 




5 H 

3-[(4-Huoro-ben2yl)-me1iioxy<arbamoyl]-2-hydroxy-acrylicacid 
methyl ester (Compound 44-D)was treated with paraformaldehyde and N-(2- 
aminoethyl)piperazine as described in the preparation of Compound 13. 

10 The mixture was purified by chromatography (YMC Combiprep ODS-A, 
30mm X 50mm, MeOH/H2O/0.1% TFA) to yield the title compound as a 
white powder (0.0110 g, 4.3% yield), m NMR (500 MHz, CDCI3) 6: 2.55 (t, 
7=6.2 Hz, 2H), 2.71 (s, 4H), 2.98 (s, 4H), 3.47 (t, 7=5.5 Hz, 2H), 357 (s, 3H), 
4.03 (s, 2H), 4.68 (s, 2H), 6.87 (s, 2H), 7.17 (m, 2H), 9.72 (bs, IH), 11.45 (bs, 

15 IH). HRMS (M+H) calcd for C19H2SFN4O4: 391.17816; found: 391.1786. 

EXAMPLE 47 

Compoimd 47-A: N-(3,4-Dichloro-benzyl)-0-methyl-h.ydroxylamine 




20 CI 



Reaction of 3,4-dichlorobenzaldehyde widi methoxylamine 
hydrochloride followed by reduction with sodium cyanoborohydride as 
described in the preparation of Compound 44-A and 44-6 gave the title 
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hydroxylamine as a clear oil. iHNMR 400 MHz (CDCb) 5 (ppm): 3.48 (3H, s), 
3.99 (2H, s), 5.74 (IH, broad s), 7.20 (IH, dd , J = 2.0 Hz and J = 8.1 Hz), 7.40 
(IH, d J = 8.1 Hz), 7.47 (IH, d, J = 2.0 Hz). 

5 Compound 47-B; N-(3.4-I>ichloro-benzvl)-2-(22-dimethvl-5-oxo- 
[131dioxolan-4-ylidene)-N-me1hoxy-acetamide 



chloride with N-3,4KlichlorobenzylO-metliyl-hydroxylanune as described in 
ihe preparation of Compound 44-C gave the title amide as a white solid (94 % 
yield): mp 119-120 "C (etiiyl acetate-hexane). ^HNMR 400 MHz (CDCI3) 5 
(ppm): 1.76 (6H, s), 3.71 (3H, s), 4.72 (2H, s), 6.38 (IH, s), 7.20 (IH, dd , J = 2.0 
15 Hz and J = 8.5 Hz), 7.40 (IH, d, J = 8.5 Hz), 7.46 (IH, d, J = 2.0 Hz). Anal, 
calcd for C15H15CI2NO5: C 50.02, H 4.20, N 3.89. Found: C 50.12, H 4.12, N 
3.80. 

Compoimd 47-C: 3-f(3.4-Dichloro-benzyl)-metiioxy-carbamoyll-2-hydroxy- 
20 acrylic add methyl ester 




CI 



10 



Reaction of (2,2-dimethyl-5-oxo-[l,3]dioxolan-4-ylidene)-acetyl 



O 



OH 




CI 
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N-(3,4-Dichlorobenzyl)-2-(2,2-dimethyl-5K)xo^ 
ylidene)-N-metihoxy-acetamide was treated with methanol as described in 
the preparation of Compound 44-D and gave the title ester as white crystals 
(95% yield); mp 111 ^C. ^HNMR 400 MHz (CDCI3) 5 (ppm): 3.72 (3H, s, 
5 OCH3), 3.90 (3H, s, OCH3), 4.77 (2H, s, NCH2), 6.46 (IH, s, CH), 7.17 (IH, dd, 
J = 2.0 Hz, J = 8.0 Hz, aromatic), 7.42 (IH, d, J = 8.0 Hz, aromatic), 7.43 (IH, d, 
J = 2.0 Hz, aromatic). Anal, calcd for C13H13CI2NO5 : C, 46.73; H, 3.92; N 4.19. 
Found: C 46.95, H 3.82, N 3.97. 

10 Compoimd 47: 4-Hydroxy-l-methyl-5-oxo-2^"dihydro-lH-pyrrole"3- 
carboxylic acid (3,4-dichloro-benzyl)-methoxy-amide 



O OH 




CI 



15 3-[(3,4-Dichloroberizyl)-methoxy-carbamoyl]-2-hydroxy-acrylic acid 

methyl ester (Compound 47-C) was treated with paraformaldehyde and 
methylamine as described in the preparation of Compoimd 12, yielding the 
titie compound as a white solid (49% yield); mp 149 «>C. ^HNMR 400 MHz 
(CDCI3) 6 (ppm): 3.11 (3H, s, NCH3), 3.75 (3H, s, OCH3), 4.15 (2H, s, NCH2), 

20 4.82 (2H, s, NOfc), 7.18 (IH, dd, J = 2.0 Hz, J = 8.2 Hz, aiomatic), 7.42 (IH, d, 
J = 82 Hz, aromatic), 7.43 (IH, d, J = 2.0 Hz, aromatic). Anal, calcd for 
C14H14CI2N2O4: C, 48.72; H, 4.09; N, 8.12. Found: C 48.81, H 4.04, N 7.99. 
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Compound 48-A: N-(3<IMoro-4-£luoro-benzyl)-0-methyl-hydroxylamm 



Reaction of 3-chloro-4-fluorobenzaldehyde with mefhoxylamine 
hydrochloride followed by reduction with sodium cyanoborohydride as 
described in the preparation of Compound 44-A and 44-B gave the titie 
hydroxylamine as a dear oil. iRNMR 400 MHz (CDCI3) 6 (ppm): 3.48 (3H, s), 
10 3.98 (2H, s), 5.72 (IH, broad s), 7.10 (IH, t), 7.22 (IH, m), 7.42 (IH, m). 

Compound 48-B: N-(3-Chloro-4-fluoro-benzyl)-2-(2.2-dimethyl-5-oxo- 
ri31dioxolan-4-ylidene)-N-methoxy-acetamide 



Reaction of (2,2-dimethyl-5-oxo-[l^]dioxolan-4-ylidene)-acetyl 
chloride with N-(3-chloro-4-fluorobenzyl)-0-methyl-hydroxylamine as 
described in the preparation of Compovmd 44-C gave the titie amide as a 
20 white solid (91 % yield): mp 110-111 "C (eliiyl acetate-hexane). iRNMR 400 
MHz (CDCI3) 5 (ppm) : 1.76 (6H, s), 3.71 (3H, s), 4.75 (2H, s), 6.38 (IH, s), 7.09 
(IH, t , J = 8.8 Hz), 7.23 (IH, m), 7.41 (IH, dd, J = 2.4 Hz and J = 6.8 Hz). Anal, 
calcd for C15H15CIFNO5: C 52.41, H 4.39, N 4.07. Found: C 52.25, H 4.36, N 
3.87. 




5 




CI 



25 
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Compoimd 48-C: 3"[(3<]Moro-4-fluoro-benzylVmethoxy<arbamoyl1-^^ 
hydroxy-acrylic add methyl ester 



O OH 




5 

N-(3<3hloro-4-fluoroben2yl)"2-(2,2-dimiethyl-5-^ 
ylidene)-N-methoxy-acetamide was treated with methanol as described in 
the preparation of Compound 44-D and gave the title ester as white crystals 
(54% yield); mp 97-98 <^C. ^HNMR 400 MHz (CDCI3) 5 (ppm): 3.72 (3H, s, 
10 OCH3), 3.90 (3H, s, OCH3), 4.77 (2H, s, NCH2), 6.45 (IH, s, CH), 7.11 (IH, m, 
aromatic), 7.2 (IH, m, aromatic), 7.38 (IH, m, aromatic). Anal, calcd for 
C13H13CIFNO5: C, 49.14; H, 4.12; N, 4.40. Found: C, 48.95; H, 3.96; N, 4.16. 

Compoimd 48: 4-Hydroxy'-l-methyl-5<>xo-23-dihydro-lH-pyrrole-3- 
15 carboxylic acid (3-chloro-4-fluoro-benzylVmethoxy-amide 



0 OH 




CI 



3-[(3-C3iloro-4-fluorobenzyl)-methoxy-carbamoyl]-2-hydroxy-acrylic 
20 acid methyl ester (48-C) was treated with paraformaldehyde and 

methylamine as described in the preparation of Compound 12 to give the title 
compoimd as a white solid (60% yield); mp 148 <^C dec. iHNMR 400 MHz 
(CDCI3) 5 (ppm): 3.10 (3H, s, NCH3), 3.75 (3H, s, OCH3), 4.15 (2H, s, NCH2), 
4.81 (2H, s, NCH2), 7.12 (IH, m, aromatic), 7.22 (IH, m, aromatic), 7.38 (IH, 
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aromatic). Anal, calcd for C14H14CI2N2O4: C, 51.15; H, 4.29; N, 8.52. Foimd: 
C, 51.19; H, 4.17; N, 8.50. 

EXAMPLE 49 

5 Compound 49-A: N"(3-HuorO'ben2yl)<)-methyl'hydroxylamine 




Reduction S-fluorobenzaldehyde 0-methyloxime with sodium 
10 cyanoborohydride as described in the preparation of Compounds 44-A and 
44-B gave the title hydroxylamine as a clear oil (60 % yield). ^HNMR 400 
MHz (CDCb) 5 (ppm): 3.50 (3H, s, OCH3), 4.04 (2H, s, NCH2), 5.75 (IH, broad 
s, NH), 6.95-7.32 (4H, m, aromatics). The hydrochloride salt was obtained as 
a white solid: mp 130-131 ^C ( dec). Anal, calcd for CsHioFNO-HCl: C, 50.14; 
15 H, 5.78; N, 7.31. Found : C, 50.10; H, 5.73; N, 7.38. 

Compoimd 49-B: 2-(2.2-Dimethyl-5-oxo-fl31dioxolan-4-yUdene)-N-(3-fluoro- 
benzyD-N-methoxy-acetamide 



20 




Reaction of (2,2Kiimethyl-5-oxo-[l^]dioxolan-4-ylidene)-acetyl 
chloride with N-(3-fluoroben2yl)<)-methyl-hydroxylainine as described in 
the preparation of Compound 44-C and gave the title amide as a white solid 
25 (94% yield): mp 110-111 °C (ethyl acetate-hexane). ^HNMR 400 MHz (CDCI3) 
5 (ppm): 1.76 (6H, s, CH3), 3.70 (3H, s, OCH3), 4.82 (2H, s, NCH2), 6.40 (IH, s. 
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CH), 6.96-7.32 (4H, m, aromatics). AnaL calcd. for CisHisFNOs: C, 58.25; H, 
5.21; N, 4.52. Found: C, 58.00; H, 5.30; N, 4.49. 



Compoxmd 49-C: 3-f (3-Huoro-benzyl)-metihoxy-carbam.oyl1-2-hydioxy- 
5 acrylic add methyl ester 



O OH 




N-(3-Fluoroben2yl)-2-(2;2Kiimethyl-5-oxo-[l^]-dioxolaii-4-ylidene)-N- 
10 methoxy-acetamide was treated with methanol as described in the 

preparation of Compound 44-D and gave the title ester as white crystals (53% 
yield); mp 73 - 75 "C. ^HNMR 400 MHz (CDCI3) 5 (ppm): 3.71 (3H, s, OCH3), 
3.90 (3H, s, OCH3), 4.82 (2H, s, NCH2), 6.47 (IH, s, CH), 6.98-7.34 (4H, m, 
aromatics). Anal, calcd for C13H14FNO5: C, 55.12; H, 4.98; N, 4.94 Foimd: C, 
15 55.18; H, 5.04; N, 5.02. 



Compound 49: 4-Hydroxy-l-me%l-5-oxo-2^-dihydro-lH-pyrrole-3- 
carboxylic add (3-£luoro-benzyl)-methoxy-amide 



O OH 

20 ^ \ 




3-[(3-Fluorobenzyl)-methoxy-carbamoyl]-2-hydroxy-acrylicadd 
methyl ester (Compotmd 49-C) was reacted with paraformaldehyde and 
metih.ylamine as described in die preparation of Compoimd 12 to give the title 
25 compoimd as a white solid (60% yield); mp 119 °C dec. iHNMR 400 MHz 
(CDCI3) 5 (ppm): 3.11 (3H, s, NCH3), 3.74 (3H, s, OCH3), 4.17 (2H, s, NCH2), 
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4.87 (2H, s, NCHb), 6.99-7.35 (4H, m, aromatics). Anal, calcd for C14H15FN2O4: 
C 57.14; H, 5.14; N, 9.52. Found: C, 57.04; H, 5.02; N, 9.42. 



EXAMPLE 50 

5 Compoimd 50-A: 2-Fluorobenzaldehyde 0-methyloxitne 



F 




Reaction of 2-fluorobenzaldehyde with methoxylamine hydrochloride 
10 as described in the preparation of Compound 44-A gave the title oxime ether 
as a dear oil (98 % yield). HPLC indicated a 91:9 mixture of E- to Z-isomers. 
iHNMR 400 MHz (CDCI3) 6 (ppm) : (E-isomer) 3.99 (3H, s, OCH3), 7.07 (IH, 
m, aromatic), 7.14 (IH, m, aromatic), 7.34 (IH, m, aromatic), 7.82 (IH, m, 
aromatic), 8.31 (IH, s, CH). 

15 

« • 

Compound 50-B; N-(2-Fluoro-benzyl)<)-methyl-hydroxylainine 




20 Reduction of 2-fluorobenzaldehyde O-methyloxime with sodium 

cyanoborohydride as described in the preparation of Compound 44-6 gave 
the title hydroxykmine as a dear oil (74 % yield). ^HNMR 400 MHz (CDCb) 
5 (ppm): 3.52 (3H, s, OCH3), 4.11 (2H, s, NCH2), 5.78 (IH, broad s, NH), 7.05 
(IH, m, aromatic), 7.11 (IH, m, aromatic), 7.27 (IH, m, aromatic), 7.38 (IH, m, 

25 aromatic). The hydrochloride salt was obtained as a white solid: mp 138-143 
»C (dec.). Anal, calcd. for CsHioFNO-HCl: C, 50.14; H, 5.78; N, 7.31. Found: 
C, 50,37; H, 5.71; N, 7.18. 
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Compound 50-C: 2-(22-Dime1iiyl-5-oxo-ri31dioxolaii-4-vlidene)-N-(2-fluoro- 
benzyD-N-methoxy-acetamide 




Reaction of (2^-diinethyl-5-oxo-[l^]dioxolan-4-yJidene)-acetyl 
chloride with N-(2-fluorobenzyl)-0-methyt-hydroxylamine as described in 
the preparation of Compound 44-C gave the titie amide as a white solid (84 % 
yield): mp 109-111 (ethyl acetate-hexane). ^HNMR 400 MHz (CDCI3) 5 
10 (ppm): 1.75 (6H, s, CH3), 3.72 (3H, s, OCH3), 4.92 (2H, s, NCH2), 6.40 (IH, s, 
CH), 7.03-7.12 (2H, m, aromatics), 7.24-7.30 (IH, m, aromatic), 7.4 (IH, m, 
aromatic). Anal, calcd. for CisHieFNOs: C, 58.25; H, 5.21; N, 4.52. Found: C, 
58.47; H, 5.16; N, 4.66 

15 Compoimd 50-D: 3-r(2-Fluoro-benjzyl)-methoxy-carbamoyn-2-hydroxy- 
acrylic add methyl ester 



F O OH 




20 N-(2-Huorobenzyl)-2-(2,2-dimethyl-5-oxo-[l,3]-dioxolan-4-yHdene)-N- 
mettioxy-acetamide was treated with methanol as described in the 
preparation of Compound 44-D and gave the title ester as a white syrup (59% 
yield). iHNMR 400 MHz (CDCI3) 5 (ppm): 3.73 (3H, s, OCH3), 3.89 (3H, s, 
OCH3), 4.93 (2H, s, NCHa), 6.47 (IH, s, CH), 7.05-7.36 (4H, m, aromatics). 

25 Anal, calcd for C13H14FNO5: C, 55.12; H, 4.98; N, 4.94. Found: C, 54.91; H, 
5.23; N, 4.86. 
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Compound 50: 4-Hvdxoxy-l-meaiyl-5K)xo-23Kiihydro-lH-pyrr^^^ 
carboxylic add (2"fluoro-benzyl)-methoxy-ainide 




5 



3-[(2-Fluorobenzyl)-methoxy<arbamoyll-2-hydroxy-aayUcad^ 



methyl ester (Compound 50-D) was treated with paraf onnaldehyde and 



compound as a white solid (58% yield); mp 147 ^C dec. ^HNMR 400 MHz 
10 (CDCI3) 5 (ppm): 3.1 (3H, s, NCH3), 3.76 (3H, s, OCH3), 415 (2H, s, NCH2), 
4.97 (2H, s, NCH2), 7.06-7.39 (4H, m, aromatics). Anal, calcd for C14H15FN2O4: 
Q 57.14; H, 5.14; N, 9.52. Found: C, 57.00; H, 5.29; N, 9.33. 

EXAMPLE 51 

15 Compound 51-A: N-(4<3ilorO'benzvl)-2-(2.2-dimetfavl'-5-oxo-ri31dioxolan-4- 
vlideneVN-methoxy-acetamide 



chloride witti N-(4-chlorobenzyl)-0-methyl-hydroxylamine (Kawase, M. et 
al., J. Chem. Soc. Perkin Trans.l, 1979, 643-645) as described in the 
preparation of compound 1-A gave the title amide as white crystals (95 % 
yield); mp 129-130 (ethyl acetate-hexane). ^HNMR 400 MHz (CDCI3) S 
25 (ppm): 1.75 (6H, s, CH3), 3.69 (3H, s, OCH3), 4.79 (2H, s, NCH2), 6.39 (IH, s, 



methylamine as described in the preparation of Compound 12 to give the title 




20 



Reaction of (2,2-dimethyl-5-oxo-[i;3]dioxolan-4-ylidene)-acetyl 
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CH), 7.4 (4H, s, aromatics). Anal, calcd. for CisHieClNOs: C, 55.31; H, 495; N, 
4.30. Found: C, 5532; H, 4.95; N, 4.27. 



Compound 51-B: 3-f(4<IMoro-benzyl)-methoxy-carbamoyl1-2-hydroxy- 
5 acrylic add methyl ester 



20 



O OH 




N-(4<3ilorobenzyl)-2-(2;2-<lime%l-5-oxo-[i;3]Hlioxolan-4-yUdene)-N- 
10 methoxy-acetamide was treated witii methanol as described in the 

preparation of Compound 44-D and gave the title ester as a white syrup (52% 
yield). iHNMR 400 MHz (CDCI3) 5 (ppm): 3.70 (3H/s, OCH3), 3.90 (3H, s, 
OCH3), 4.80 (2H, s, NCH2), 6.45 (IH, s, CH), 7.25-7.33 (4H, m, aromatics). 
AnaL calcd for CisHiiClNOs: C, 52.10; H, 4.71; N, 4.67. Found: C, 51.86; H, 
15 4.68; N, 4.45. 



Compound 51: 4-Hydroxy-l-methyl-5-oxo-2^-dihydro-lH-pyrrole-3- 
carboxyUc add (4-chloro-beivzyl)-methoxy-amide 




3-[(4-Chlorobenzyl)-methoxy-carbamoyl]-2-hydroxy-acrylicadd 
metiiyl ester (Compound 51-B) was treated with paraformaldehyde and 
metihylamine as described ia the preparation of Compound 12 to give the titie 
25 compoimd as a white solid (69% yield); mp 165 *»C dec. ^HNMR 400 MHz 
(CDCk) 5 (ppm): 3.10 (3H, s, NCH3), 3.72 (3H, s, OCH3), 415 (2H, s, NCH2), 
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4.84 (2H, s, NCH2), 7.25-7.34 (4H, m, aromatics). Anal, calcd for 
C14H15CIN2O4: C, 54.11; H, 4.87; N, 9.02. Found: C, 53.88; H, 4.71; N, 8.78. 



EXAMPLE 52 

5 Compoimd 52-A: 4-Fluorophenylacetaldehyde O-methyloxiine 




Reaction of 4-fluorophenylacetaldehyde with methoxylamine 
10 hydrochloride as described in the preparation of Compound 44-A gave the 
title oxime ether as a dear oil (43% yield). ^HNMR indicated a 1:1 mixture of 
E- to Z-isomers. ^HNMR 400 MHz (CDCI3) 5 (ppm): 3.51 (2H, d, J = 6.7 Hz, 
CH2), 3.66 (2H, d, J = 5.5 Hz, CH2), 3.88 (3H, s, OCH3), 3.96 (3H, s, OCH3), 6.79 
(IH, t, J = 5.5 Hz, CH), 7.03 (2H, m, aromatics), 7.19 (2H, m, aromatics), 7.45 
15 (IH, t, J = 6.7 Hz, CH). 



Compound 52-B: N-f2-(4-Huoro-phenylV^thyl1-Q-methyl-hydroxylaiim 



H 




20 

Reduction of 4-£luorophenylacetaldehyde O-methyloxime with 
sodium cyanoborohydride as described in the preparation of Compoimd 44- 
B gave the titie hydroxylamine as a clear oil after chromatography on silica 
gel (62 % yield). iHNMR 400 MHz (CeDe) 5 (ppm): 2.64 (2H, d, J = 7.1 Hz, 
25 CH2), 2.97 (2H, d, J = 7.1 Hz, CH2), 3.53 (3H, s, OCH3), 5.24 (broad, NH), 6.9 
(4H, m, aromatics). 
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* 

Compound 52-C: 2-^2:Z-Diriiethvl-5-oxo-fl31dioxolan-4-ylideneVN-f2-(4- 
fLuoro-phenvl)-ethyl1-N-methoxv-acetamide 




Reaction, of (2,2-dimethyl-5-oxo-[l,3]dioxolan-4-ylidenfi)-acetyl 
chloride with N-[2-(4-fluorophenyl)-ethyl]-0-methyl-hydroxylamine as 
described in the preparation of Compound 44-C gave the tilie amide as white 
crystals (86 % yield): mp 106-107 "C (ethyl acetate-hexane). iHNMR 400 MHz 
10 (CDCI3) 5 (ppm): 1.76 (6H, s, CH3), 2.95 (2H, m, CH2), 3.72 (3H, s, OCH3), 3.87 
(2H, m, NCH2), 6.38 (IH, broad s, CH), 6.99 (2H, m, aromatics), 7.20 (2H, m, 
aiomatics). Anal, calcd for CisHwFNOs: G, 59.43; H, 5.61; N, 4.33. Found: C, 
59.39; H, 5.43; N, 4.13. 



15 Compound 52-D; 3f r2-(4-Huoro-phenyD-ethvl1-methoxv-carb amovl}-2- 

hydroxy-acrylic acid methyl ester 




20 2-(2,2-Dimethyl-5-oxo-[l^]-dioxolan-4-ylidene)-N-(2-(4-fluorophenyl)- 
ethyl]-N-methoxy-acetamide was treated with methanol as described in the 
preparation Compoimd 44-D and gave the title ester as a clear oil (66% yield). 
HRMS ( MAB N2 ) calculated for Ci4Hi6FN05:[Ml+: 297.101251; found: 
297.101514. iHNMR 400 MHz (CDCI3) 5 (ppm): 2.95 (2H, t J = 7.6 Hz, CH2), 

25 3.73 (3H, s, OCH3), 3.89 (2H, t, J = 7.6 Hz, CH2), 3.92 (3H, s, OCH3), 6.44 (IH, 
s, CH), 7.0 (2H, m, aromatics), 7.19 (2H, m, aromatics). 
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Compound 52: 4-Hvdroxy-l-methyl-5'OXO-25Kiihvdro-lH-p\^ 
carboxvlic add f2-(4-fluoro-phenyl)-ethyl1-methoxy-amide 




3-{[2-(4-nuorophenyl)-ethyl]-methoxy<:arbamoyl}-2-hydroxy-acr^ 
add methyl ester (Compound 52-D) was treated with paraformaldehyde and 
methylamine as described in the preparation of Compound 12 to give the title 
compound as a white solid (38% yield); mp 157 <! dec. ^HNMR 400 MHz 
10 (CDCI3) 5 (ppm): 2.96 (2H, t, J = 7.6 Hz, CH2), 3.14 (3H, s, NCH3), 3.71 (3H, s, 
OCH3), 3.93 (2H, t, J = 7.6 Hz, CH2), 4.14 (2H, s, NCH2), 7.01 (2H, m, 
aromatics), 7.2 (2H, m, aromatics), 11.55 (IH, broad s, OH). Anal, calcd for 
C15H17FN2O4: C, 58.44; H, 5.56; N, 9.09. Found: C, 58.52; H, 5.66; N, 8.89. 



15 EXAMPLE 53 

Compound 53-A: 4-Fluorobenzaldehyde O-ethyloxiine 




20 Reaction of 4-£luorobenzaldehyde with ethoxylamine hydrochloride as 

described in the preparation of Compound 44-A gave the title oxime ether as 
a clear oil after chromatography on silica gel (elution toluene-ettxyl acetate 95 
: 5) and distillation (58 % yield). ^HNMR 400 MHz (CDCI3) 5 (ppm): 1.35 (3H, 
t, J = 7.07 Hz, Gh), 4.24 (2H, q, J = 7.07 Hz, OCHa), 7.08 (2H, m, aromatics), 

25 7.59 (2H, m, aromatics), 8.07 (IH, s, CH). 
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Compovmd 53-B: Q-EthyI-N-(4-fluoro43enzyl)-hydioxylamiiie 




5 Reduction of 4-fluorobenzaldehyde O-etiiyloxime with sodiiun 

cyanoborohydride as described in the preparation of Compound 44-B gave 
tihe title hydroxylarnine as a clear oil after chromatography (74 % yield). 
iHNMR 400 MHz (QDe) 5 (ppm): 1.13 (3H, t, J = 7.1 Hz, CH3), 3.70 (2H, q, J = 
7.1 Hz, OCH2), 3.78 (2H, d, J = 5.4 Hz, NCH2), 5.20 (2H, broad t, NH), 6.89 
10 (2H, m, aromatics), 7.09 (2H, m, aromatics). Anal, calcd for C9H12FNO: C, 
63.88; H, 7.14; N, 827. Found: C, 63.68; H, 7.08; N, 8.46. 

Compound 53-C: 2-(2.2-Dimethvl-5-oxo-ri31dioxolan-4-vlideneV-N-ethoxv- 
N-(4-fluoro-benzyl)-acetamide 




Reaction of (2,2-dimethyl-5-oxo-[l,3]dioxolan-4-ylidene)-acetyl 
chloride with O-ethyl-N-4-fluorobenzyl-hydroxylainine as described in the 

20 preparation of Compotind 44-C gave the title amide as white crystals (92 % 
yield): mp 95-96 °C (etiiyl acetate-hexane). iRNMR 400 MHz (CDCI3) 8 
(ppm): 1.27 (3H, t, J = 7.07 Hz, CH3), 1.77 (6H, s, CH3), 3.90 (2H, q, J = 7.07 Hz, 
OCH2), 4.81 (2H, s, NCH2), 6.41 (IH, s, CH), 7.03 (2H, m, aromatics), 7.37 (2H, 
m, aromatics). Anal, calcd for CieHisFNOs: C, 59.43; H, 5.61; N, 4.33. Found: 

25 C, 59.50; H, 5.60; N, 4.17. 
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Compound 53-D: 3-IEthoxv-(4-fluoro-benzyl')-carbamoyll-2-hvdioxv-acrvlic 
add methyl ester 




2-(2,2-Dimethyl-5-oxo-[13]-dioxolan-4-y]idene)-N-ethoxy-N-(4- 
fluoroben2yl)-acetainide was treated with methanol as described in the 
preparation of Compoimd 44-D and gave the title ester as white crystals (84% 
yield); mp 61-62 O. iHNMR 400 MHz (CDCI3) 6 (ppm): 1.28 (3H, t J = 7.1 Hz, 
10 CH3), 3.91 (3H, s, OCH3), 3.92 (2H, qj = 7.1 Hz, OCH2), 4.82 (2H, s, NCH2), 
6.47 (IH, s, CH), 7.05 (2H, m, aromatics), 7.32 (2H, m, aromatics), 13.5 (IH, 
broad s, OH). Anal, calcd for C14H16FNO5: C, 56.56; H, 5.42; N, 4.71. Found: C, 
56.67; H, 5.25; N, 4.64. 

t 

15 Compound 53: 4-HydroxV'l-methvl-5K>xo-2.5Hiihydro-lH-pvrrol^^^ 
carboxylic acid ethoxy-(4-fluoro-ben2yl)-ainide 



20 3-IBihoxy-(4rfluorobenzyl)-<:arbamoyl]-2-hydro>^^ add methyl 

ester (Compound 53-D) was treated with paraformaldehyde and 
methylamine as described in the preparation of Compouuad 12 to give the title 
compound as a white solid (50% yield); mp 113-114 ^C. ^HNMR 400 MHz 
(CDCI3) 5 (ppm): 1.30 (3H, t, J = 7.1 Hz, CH3), 3.12 (3H, s, NCH3), 3.96 (2H, q, 

25 J = 7.1 Hz, OCH2), 4.16 (2H, s, NCH2), 4.86 (2H, s, NCH2), 7.06 (2H, m. 
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aromatics), 7.33 (2H, m, aromatics), 11.65 (IH, broad s, OH). AnaL calcd for 
C15H17FN2O4: C, 58.43; H, 5.55; N, 9.08. Found: C, 58.30; H, 5.55; N, 9.03. 



EXAMPLE 54 



5 Compoimd 54- A: 3.4-Difluorobenzaldehyde O-methyloxime 



Reaction of 3,4-difluorobenzaldehyde witii methoxylamine 
10 hydrochloride as described in the preparation of Compound 44rA gave the 
title oxime etiier as a dear oil (100 % yield). ^HNMR indicated a 85:15 
mixture of E- to Z-isomers. ^HNMR 400 MHz (CDCI3) 6 (ppm): (E-isomer) 
3.97 (3H, s, OCH3), 7.12-7.26 (2H, m, aromatics), 7.44-7.52 (IH, m, aromatic), 
7.97 (IH, s, CH). 



Compovind 54-B: N-(3.4-Difluoro-benzvlVO-methvl-hvdroxvIamine 




20 Reduction of 3,4-difluorobenzaldehyde O-methyloxime with sodium 

cyanoborohydride as described in the preparation of Compoimd 44-B gave 
the title hydroxylamine as a dear oil (82 % yield). ^HNMR 400 MHz (CDCI3) 
6 (ppm): 3.48 (3H, s, OCH3), 3.98 (2H, s, NCH2), 5.73 (IH, broad s, NH), 7.04- 
7.23 (3H, m, aromatics). The hydrochloride salt was obtained as a white solid: 

25 mp 139-142 "C (dec). Anal, calcd. for C8H9F2NO2-HCI: C, 45.83; H, 4.80; N, 
6.68. Fotmd: C, 45.96; H, 4.93, N, 6.67. 
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Compovind 54-C: N"(3.4-Difluoro-benzvl)-2-(23KiLmethyl-5-oxo- 
ri31dioxolan-4-yUdene)-N-inethoxy-acetamide 



Reaction of (2^Hiimethyl-5-oxo-[l^]dioxolan-4-ylidene)-acetyl chloride 
with N-3,4Kli£luorobenzyl-0-methyl-hydroxylainine as described in the 
preparation of Compoxmd 44-C gave the title amide as a white solid (96 % 
yield): mp 110-111 oC (ethyl acetate-Jiexane). ^HNMR 400 MHz (CDCI3) 5 
10 (ppm): 1.76 (6H, s, CH3), 3.71 (3H, s, CXMs), 4.72 (2H, s, NCH2), 6.38 (lli s, 
CH), 7.05-7.22 (3H, m, aromatics). Anal, calcd. for C15H15NO5: C, 55.04; H, 
4.62; N, 4.28. Found: C, 54.99; H, 4.55; N, 4.22. 



Compoxmd 54-D: 3-r(3.4-DifLuoro-benzyl)-methoxy-carbamoyn-2-hydioxy- 
15 acrylic add methyl ester 




N-(3,4-r>ifluoroben2yl)-2-(2,2-dimethyl-5-oxo-[l,3]-dioxolan-4- 
20 ylidene)-N-methoxy-acetamide was treated with methanol as described in 
the preparation of Compound 44-D and gave the title ester as white crystals 
(53% yield); mp 76-77 oC. ^HNMR 400 MHz (CDCI3) 5 (ppm): 3.72 (3H, s, 
OCH3), 3.90 (3H, s, OCH3), 4.77 (2H, s, NCH2), 6.45 (IH, s, CH), 7.05-7.19 (3H, 
m, aromatics). AnaL calcd for C13H13F2NO5: C, 51.83; H, 4.35; N, 4.65. Found: 
25 C, 51.78; H, 4.28; N, 4.53. 
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Compoxmd 54: 4"Hvdroxy-l-methyl-5<>xO"23Kiihydro4H-pv^^ 
carboxyLLc add (3.4-cMuoro-benzyl)-methoxy-arnide 



OH 




3-[(3,4-Difluoroben2yl)-methoxy<arbainoyl]-2-hydroxy-acrylicacid 
methyl ester (Compovind 54-D) was tieated with paraformaldehyde and 
meihylamine as described in the preparation of Compound 12 to and gave 
the title compovind as a white solid (53% yield); mp 146-147 "C. iHNMR 400 
10 MHz (CDOa) 5 (ppm): 3.11 (3H, s, NCHs), 3.74 (3H, s, OClh), 4.16 (2H, s, 
NCHa), 4.79 (2H, s, NCH2), 7.06-7.19 (3H, m, aromatics). AnaL calcd for 
C14H14F2N2O4: C, 53.84; H, 4.51; N, 8.97. Found: C, 53.82; H, 4.41; N, 8.87. 



EXAMPLE 55 

15 Compound 55-A: 4-Methoxybeitzaldehyde O-methyloxime 




Reaction of 4-methoxybenzaldehyde with methojg^kmine 
20 hydrochloride as described in the preparation of Compound 44-A gave the 
title oxime ether as a clear oil ( 100 % yield ). ^HNMR indicated a 95:5 
mixture of E- to Z- isomers. ^HNMR 400 MHz (CDCI3) 6 (ppm): (E-isomer) 
3.83 (3H, s, OCH3), 3.94 (3H, s, OCH3), 6.89 (2H, m, aromatics), 7.52 (2H, m, 
aromatics), 8.05 (IH, s, CH). 

25 
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Compound 55-B: N-(4-Methoxv-benzvn-C)-methvl-hvdroxvlaminP 




5 Reduction of 4-methoxyben2aldehyde 0-methyloxime with sodium 

qranoborohydride as described in the preparation of Compoimd 44-B gave 
the title hydroxylamine as a dear oil (96 % yield). ^HNMR 400 MHz (CDCla) 
5 (ppm): 3.49 (3H, s, OCH3), 3.79 (3H, s, OCH3), 3.98 (2H, s, NCH2), 5.62 (IH, 
broad s, NH), 6.86 (2H, m, aromatics), 7.25 (2H, m, aromatics). The 
10 hydrochloride salt was obtained as a white solid: mp 157-158 "C (dec.). Anal, 
calcd. for CgHiaNOs-Ha: C, 53.03; H, 6.92; N, 6.87. Found: C, 53.14; H, 6.76; 
N, 6.80. 

Compound 55-C: 2- ^22-Dimethvl-5-oxo-fl31dioxolan-4-vlideneVN-methQxy- 
15 (4-methoxv-benzyB-acetamide 




Reaction of (2;2-dimethyl-5-oxo-[l,3]dioxolan-4-ylidene)-acetyl 
20 chloride with N-(4-methoxyben2yl)-0-methyl-hydroxylamine as described in 
the preparation of Compound 44-C gave the title amide as white crystals (97 
% yield): mp 113-114 °C (ethyl acetate-4iexane). iHNMR 400 MHz (CDCI3) 6 
(ppm): 1.75 (6H, s, CH3), 3.66 (3H, s, OCH3), 3.79 (3H, s, OCH3), 4.77 (2H, s, 
NCH2), 6.38 (IH, s, CH), 6.85 (2H, m, aromatics), 7.29 (2H, m, aromatics). 
25 Anal, calcd. for CieHwNOe: Q 59.80; H, 5.96; N, 4.35. Found: C, 59.87; H, 5.76; 
N,4.17. 
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Compoimd 55-D: 2-Hydroxy-3-rmethoxy-(4-methoxy-beiizyl)K:arbamoyl1 
acrylic add methyl ester 



MeO 




10 



2-(2;2-Dimethyl-5-oxo-[l^]-dioxolan-4-ylidene)-N-methoxy-N-(4- 
methoxybenzyl)-acetainide was treated with methanol as described in the 
preparation of Compovmd 44-D and gave the titile ester as white crystals (56% 
yield); mp 87-89 <C. ^HNMR 400 MHz (CDCI3) 5 (ppm): 3.67 (3H, s, OCH3), 
3.80 (3H, s, OCH3), 3.89 (3H, s, OCH3), 4.77 (2H, NCH2), 6.44 (IH, s, CH), 
6.87 (2H, m, aromatics), 7.26 (2H, m, aromatics). Anal, calcd for C14H17NO6: C, 
56.94; H, 5.80; N, 4.74. Found: C, 57.03; H, 5.82; N, 4.68. 



Compotmd 55: 4-Hvdroxy-l-metihyl-5-oxo-23-dihydro-lH-pyrrole-3- 
15 carboxylic add methoxv-(4-methoxy-ben2ylVamide 



MeO 




20 



25 



2-Hydroxy-3-[methoxy-(4-methoxybenzyl)-carbamoyl]-acrylicadd 
methyl ester (Compovmd 55-D) was treated with paraformaldehyde and 
methylamine as described in the preparation of Compound 12 to give the title 
compound as a white solid (58% yield); mp 135-137 "C. iHNMR 400 MHz 
(CDCI3) 6 (ppm): 3.09 (3H, s, NCH3), 3.71 (3H, s, OCH3), 3.80 (3H, s, OCH3), 
4.14 (2H, s, NCH2), 4.82 (2H, s, NCH2), 6.88 (2H, m, aromatics), 7.27 (2H, m, 
aromatics). Anal, calcd for C1SH18N2O5: C, 58.81; H, 5.92; N, 9.14. Found: C, 
58.62; H, 5.88; N, 9.12. 
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EXAMPLE 56 

Compound 56-A: 2-Methvlben2aldehyde O-methyloxime 



15 




Reaction of 2-methylbenzaldehyde with methoxylamine 
hydrochloride as described in the preparation of Compound 44-A.gave the 
title oxime ether as a dear oil (96 % yield). HPLC indicated a 95:5 mixture of 
E- to Z-isomers. iHNMR 400 MHz (CDCI3) 6 (ppm): (E-isomer) 2.44 (3H, s, 
10 CH3), 4.01 (3H, s, OCH3), 7.19-7.28 (3H, m, aromatics), 7.73 (IH, m, aromatic), 
8.36 (IH, s, CH). 



Compoxmd 56-B: 0-Methyl-N-(2-methyl-benzyl)-hydroxylamine 



Reduction of 2-mfithylbenzaldehyde O-methyloxime with sodiiun 
cyanoborohydride as described in the preparation of Compotind 44-B gave 
the title hydroxylamine as a dear oil (83 % yield). ^HNMR 400 MHz (CDCla) 
20 6 (ppm): 2.42 (3H, s, CH3), 3.55 (3H, s, OCH3), 4.11 (2H, s, NCH2), 5.64 (IH, s, 
NH), 7.19-7.32 (4H, m^ aromatics). The hydrochloride salt was obtained as a 
white soUd: mp 148-150 °C. Anal, calcd. for C9H13NO-HCI: C, 57.60; H, 7.51; 
N, 7.46. Found: C, 57.59; H, 7.69; N, 7.52. 
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Compound 56-C: 2-(2.2-Dimethvl-5-oxo-ri31dioxolan-4-vlideneVN-methoxv- 
N-(2-inethyl-baizyl)-acetainide 




5 

Reaction of (2,2Kiimethyl-5-oxo-[13]dioxolan-4-ylidene)-acetyl 
chloride with N-(2-meihylbenzyl)<)-methyl-hydroxyIainine as described in 
the preparation of Compound 44-C gave the titie amide as white crystals (100 
% yield): mp 96-97 "C (ethyl acetate-hexane). iHNMR 400 MHz (CDCI3) 5 
10 (ppm): 1.78 (6H, s, CH3), 2.4 (3H, s, CH3), 3.59 (3H, s, OCH3), 4.89 (2H, s, 
NCH2), 6.44 (IH, s, CH), 7.2-7.28 (4H, m, aromatics). Anal, calcd. for 
C16H19NO5: C, 62.94; H, 6.27; N, 4.59. Found: C, 62.90; H, 6.21; N, 4.52 

« 

Compound 56-D: 2-Hydroxy-3-fmethoxy-(2-methyl-benzyl)-carbamoyll- 
15 acrylic methyl ester 




2-(2,2-Diinethyl-5-oxo-[l^]-dioxolan-4-yUdene)-N-methoxy-N-(2- 
20 methylben2yl)-acetamide was treated with methanol as described in the 

preparation of Compound 44-D and gave ihe titie ester as white crystals (61% 
yield); mp 80-82 "C. ^HNMR 400 MHz (CDCI3) 6 (ppm): 2.39 (3H, s, CH3), 3.62 
(3H, s, OCH3), 3.92 (3H, s, OCH3), 4.89 (2H, s, NCH2), 6.5 (IH, s, CH), 7.22- 
7.28 (4H, m, aromatics), 13.5 (IH, broad s, OH). AnaL calcd for C14H17NO5: C, 
25 60.20; H, 6.13; N, 5.01. Found: C, 60.07; H, 5.88; N, 4.84. 
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Compoiind 56: 4-Hydroxy-l-me1hvl-5-oxO"2^"dihyclro-lH-pw 
carboxylic add methoxv-f2-methyl-be3azyl)''aimcle 




2-Hydroxy-3-[methoxy-(2-methylbenzyl)<arbamoyl]-aayUcad^ 
methyl ester (Compoxind 56-D) was treated with paraformaldehyde and 
methylamine as described in the preparation of Compoimd 12 to give the title 
compotmd as a white solid (61% yield); mp 153-154 ^C. ^HNMR 400 MHz 
10 (CDCI3) 5 (ppm): 2.39 (3H, s, CH3), 3.13 (3H, s, NCH3), 3.67 (3H, s, OCH3), 
4.19 (2H, s, NCH2), 4.95 (2H, s, NCHs), 7.2-7.3 (4H, m, aromatics), 11.7 (IH, 
broad s, OH). Anal, calcd for C15H18N2O4: C, 62.05; H, 6.24; N, 9.65. Found: C, 
61.79; H, 6.30; N, 9.58. 

15 EXAMPLES? 

Compotmd 57-A: 3-Bromo-4-fluoroben2aldehvde O-metfayloxime 




20 Reaction of 3-bromo-4-fluorobQizaldehyde with metitoxylamine 

hydrochloride as described in the preparation of Compound 44-A gave the 
title oxime ether as a dear oil (95 % yield). ^HNMR indicated a 95:5 mixture 
of E- to Z-isomers. ^HNMR 400 MHz (CDCI3) 6 (ppm): (E-isomer) 3.97 (3H, 
s, OCH3), 7.12 (IH, m, aromatics), 7.48 (IH, m, aromatic), 7.82 (IH, m, 

25 aromatic), 7.97 (IH, s, CH). 
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* « 

Compotmd 57-B: N-(3-Bromo-4"fluorc)-ben2yl)<>methyl-hydrow^ 




Br 



5 Reduction of 3-bromo-4-fluoroben2aldehyde O-methyloxime with 

sodiiim qranoborohydride as described in titie preparation of Compound 44- 
B gave ihe title hydroxylamine as a dear oil (83 % yield). ^HNMR 400 MHz 
(CDCI3) 5 (ppm): 3.48 (3H, s, OCHs), 3.99 (2H, s, NCH2), 7.08 (IH, m, 
aromatic), 7.27 (IH, m, aromatic), 7.57 (IH, m, aromatic). The hydrochloride 
10 salt was obtained as a white solid: mp 150-151 ^C. Anal, calcd. for 

C8H9BrFNO-HCl: C, 35.52; H, 3.73; N, 5.18. Found: C, 35.54; H, 3,61; N, 5.12. 

Compound 57-C; N-(3-Bromo-4-fluoro-beiizyl)-2-(2.2Kiimethyl-5-oxo- 
[1 /31dioxolan-4-ylidene VN-methoxy-acetamide 




Br 



Reaction of (2,2-dimethyl-5-oxo-[l,3]dioxolan-4-ylidene)-acetyl 
chloride with N-3-bromo-4-fluorobenzyl-0-methyl-hydroxylamine as 

20 described in the preparation of Compound 44-C gave the title amide as a 

white solid (100 % yield): mp 117-119 <: (ethyl acetate-hexane). ipiNMR 400 
MHz (CDCI3) 5 (ppm): 1.75 (6H, s, CH3), 3.71 (3H, s, OCH3), 4.76 (2H, s, 
NCH2), 6.38 (IH, s, CH), 7.07 (IH, m, aromatic), 7.28 (IH, m, aromatic), 7.56 
(IH, m, aromatic). Anal, calcd. for CisHisBrFNOs: C, 46.41; H, 3.89; N, 3.61. 

25 Found: C, 46.43; H, 4.01; N, 3.53. 
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Compound 57-D: 3-r(3-Bromc)-4-fluorcHbenzvlVmethoxy<arbam 
hydroxy-acrylic add methyl ester 



O OH 




Br 

5 

N-(3-Bromo-4-fluorobenzyl)-2-(2,2-<iimethyl-5K)x^ 
ylidene)-N-methoxy-acetamide was treated with methanol as described in 
the preparation of Compoimd 44^D and gave the title ester as white crystals 
(44% yield); mp 107-108 ^C. iRNMR 400 MHz (CDCI3) 6 (ppm): 3.72 (3H, s, 
10 OCH3), 3.90 (3H, s, OCH3), 4.77 (2H, s, NCH2), 6.45 (IH, s, CH), 7.09 (IH, m, 
aromatic), 7.25 (IH, m, aromatic), 7.53 (IH, m, aromatic). Anal, calcd for 
CisHisBrFNOs: C, 43.11; H, 3.62; N, 3.86. Found: C, 43.10; H, 3.54; N, 3.87. 

Compound 57: 4-Hydroxy-l-methyl-5K)xo-23-dihydro-lH-pyrrole--3- 
15 carboxylic acid (3-bromo-4-fluoro-benzyl)-methoxy-aiiude 



O OH 




Br 



3-[(3-Bromo-4-fluorobenzyl)-methoxy-carbamoyl]-2-hydroxy-acryIic 
20 add methyl ester (Compoimd 57-D) was treated with paraformaldehyde and 
methylamine as described in the preparation of Compound 12 to give the title 
compoxmd as a white solid (35% yield); mp 154-157 dec. ^HNMR 400 MHz 
(CDCI3) 5 (ppm): 3.11 (3H, s, NCH3), 3.75 (3H, s, OCH3), 4.15 (2H, s, NCH2), 
4.81 (2H, s, NCH2), 7.1 (IH, m, aromatic), 7.27 (IH, m, aromatic), 7.54 (IH, m. 
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aromatic). Anal, calcd for Ci4Hi4BrFN204: C, 45.06; H, 3.78; N, 7.50. Foimd: C, 
44.80; H, 3.81; N, 7.33. 

EXAMPLE 58 

5 Compoimd 58-A: 4-Fiuorobenzaldehyde O-isobutyloxime 




Reaction of 4-fluorobenzaldehyde with Oisobutyl-hydroxylamine 
10 hydrochloride as described in the preparation of Compoimd 44-A gave ttie 
title oxime ether as a clear oil after chromatography on silica gel (elution 
toluene-ethyl acetate 95:5), (77 % yield). iHNMR 400 MHz (CDCI3) 5 (ppm): 
0.98 (6H, d J = 6.5 Hz, CH3), Z07 (IH, m, CH), 3.95 (2H, d, J = 7.18 Hz, 
OCHz), 7.08 (2H, m, aromatics), 7.59 (2H, m, aromatics), 8.08 (IH, s, CH). 
15 Anal, calcd for C11H14FNO: C, 67.67; H, 7.22; N, 7.17. Found: C, 67.71; H, 7.32; 
N, 7.38 

Compovind 58-B: N-(4rFIuoro-ben2yl)-0-isobutyl-hydroxylctmine 



20 




Reduction of 4-fluorobenzaldehyde O-isobutyloxime with sodium 
cyanoborohydride as described in the preparation of Compoimd 44-B gave 
the title hydroxylamine as a clear oil after chromatography (65 % yield). 
25 iHNMR 400 MHz (CeDe) 5 (ppm): 0.87 (6H, d, J = 6.75 Hz, CH3), 1.88 (IH, m, 
CH), 3.46 (2H, d, J = 6.41 Hz, OCH2), 4.05 (2H, s, NCH2), 7.04 (2H, m. 
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aromatics), 7.37 (2H, m, aromatics). Anal, calcd for CiiHieFNO: C, 66.98; H, 
8.17; N, 7.10. Found: C, 66.88; H, 7.97; H 7.32. 



Compound 58-C: 2-(22-Dimethvl-oxo-ri31dioxolan-4-vliderieVN-(4-fluoro- 

5 benzyD-N-isobutoxy-acetamide 




Reaction of (2^-diinethyl-5-oxo-[l^]dioxolan-4-ylidenfi)-acetyl 
10 chloride wititi N-(4-fluorobenzyI)-0-isobutyl-hydroxylainine as described in 
the preparation of Compound 44-C gave the title amide as white crystals (91 
% yield): mp 105-106 ^C (ethyl acetate-hexane). ^HNMR 400 MHz (CDCb) 6 
(ppm): 0.98 (3H, d, J = 6.45 Hz, CH3), 1.77 (6H, s, CH3), 1.95 (IH, m, CH), 3.64 
(2H, d, J = 6.63 Hz, OCH2), 4.80 (2H, s, NCHa), 6.41 (IH, s, CH), 7.03 (2H, m, 
15 aromatics), 7.36 (2H, m, aromatics). Anal, calcd for C18H22FNO5: C, 61.53; H, 
6.31; H, 3.98. Found: C, 61.47; H, 6.39; N, 3.97. 



Compound 58-D: 3-r(4-Pluoro-benzylVisobutoxy-carbamoyn-2-hydroxy- 
acrylic acid methyl ester 




2-(2,2-Dimethyl-5-oxo-[l,3]-dioxolan-4-ylidene)-N-(4-fluorobenzyl)-N- 
isobutoxy-acetzunide was treated with methanol as described in the 
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preparation of Compotind 44-D and gave titie title ester as white crystals (48% 
yield); mp 55-56 "C. ^HNMR 400 MHz (CDCI3) 5 (ppm): mixture of rotamers: 
0.99 (6H, d, J = 7.1 Hz, CH3), 1.96 (IH, CH), 3.65 (2H, d, J = 6.0 Hz, OCH2), 
3.91 (3H, s, OCH3), 4.81 (2H, s, NCH2), 6.49 (IH, s, CH), 7.05 (2H, m, 
5 aromatics), 7.33 (2H, m, aromatics), 13.4 (IH, broad s, OH). HRMS ( ES+ ) 
calculated for CieHziFNOs, [M+H]+: 326.140376 ; found: 326.139560. 

Compound 58: 4-Hydroxy-l-methvl-5-oxo-2^-dihydro-lH-pyrrole-3- 
carboxylic acid (4-fluoro-benzyl)-isobutoxy-amide 




3-[(4-Fluorobenzyl)-isobutoxy-carbamoyl]-2-hydroxy-acrylicacid 
methyl ester (Compound 58-D) was treated with paraformaldehyde and 

15 methylamine as described in tiie preparation of Compound 12 to give the title 
compotmd as a white solid (40% yield); mp 96-97 "C. ^HNMR 400 MHz 
(CDCla) 6 (ppm): 0.98 (6H, d, J = 6.5 Hz, CH3), 1.96 (IH, m CH), 3.12 (3H, s, 
NCH3), 3.69 (2H, d, J = 6.4 Hz, OCH2), 4.1 (2H, s, NCH2), 4.85 (2H, s, NCH2), 
7.06 (2H, m, aromatics), 7.33 (2H, m, aromatics), 11.65 (IH, broad s, OH). 

20 HRMS ( ES+ ) calculated for C17H22FN2O4, [M+H]+: 337.156361 ; found: 
337.156153. 
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EXAMPLE 59 

Compound 59- A: 2-Hydroxy'3-rmethoxv-(4-methyl"benzyl)<axbam 
acrylic add methyl ester 



5 




2-(2,2-Dimethyl-5-oxo-[l,3]-dioxolan-4-ylidene)-N-methoxy-N-(4- 
methylbenzyl)-acetamide, prepared using the methods described in the 
previous examples^ was treated with methanol as described in the 

10 preparation of Compound 44-D to give the title ester as white crystals (69% 
yield); mp 83-84 ^HNMR 400 MHz (CDCb) 5 (ppm): 2.59 (3H, s, CHs), 3.94 
(3H, s, OCH3), 4.15 (3H, s, OCH3), 5.05 (2H, s, NCH2), 6,72 (IH, s, CH), 7.41 
(2H, d J = 8.1 Hz, aromatics), 7.47 (2H, d, J = 8.1 Hz, aromatics), 13.75 (IH, 
broad s, OH). Anal, calcd for C14H17NO5: C, 60.20; H, 6.13; N, 5.01. Foxmd: C, 

15 60.24; H, 6.09; N, 4.85. 

Compound 59: 4-Hydroxy-l-methyl-5-oxo-25-dihydro-lH-pyrrole-3" 
carboxylic acid methoxy-(4-methyl-benzylVamide 




20 \ 

2-Hydroxy-3-[methoxy-(4-methylbenzyl)-carbamoyll-acrylic add 
methyl ester (Compoxmd 59-A) was treated with paraformaldehyde and 
methylamine as described in the preparation of Compoxmd 12 to give the title 
25 compound as a white solid (41% yield); mp 150-152 <!. ^HNMR 400 MHz 
(CDCI3) 6 (ppm): 2.4 (3H, s, CH3), 3.16 (3H, s, NCH3), 3.78 (3H, s, OCH3), 4.21 
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(2H, s, NCH2), 4.91 (2H, s, NCH2), 7.22 (2H, d, J = 8 Hz, aromatics), 7.28 (2H, 
dj = 8 Hz, aromatics), 11.7 (IH, broad s, OH). AnaL calcd for C15H18N2O4: C, 
62.05; H, 6.24; N, 9.65. Found: C, 61.91; H, 6.30; N, 9.56. 

5 EXAMPLE 60 

Compound 60-A; 2.4-Difluorobenzaldehyde O-methyloxime 



F 




10 Reaction of 2,4-difluorobenzaldehyde with medioxylamine 

hydrochloride as described in the preparation of Compoimd 44-A gave the 
title oxime ether as a dear oil (80 % yield). ^HNMR indicated a 95:5 mixture 
of E- and Z-isomers. ^HNMR 400 MHz (CDCI3) 5 (ppm): (E-isomer) 3.98 (3H, 
s, OCH3), 6.79-6.91 (2H, m, aromatics), 7.79-7.85 (IH, m, aromatic), 8.24 (IH, 

15 s, CH). 

> Compound 60-B: N-(2,4-Difluoro-benzyl)-0-methyl-hydroxylamine 



F 




20 

Reduction of 2,4-difluorobenzaldehyde O-methyloxime with sodium 
cyanoborohydride as d^cnbed in the preparation of Compound 44-B gave 
tiie title hydroxylamine as a clear oil (72 % yield). ^HNMR 400 MHz (CDCI3) 
6 (ppm): 3.51 (3H, s, OCH3), 4.07 (2H, s, NCH2), 6.78-^.88 (2H, m, aromatics), 
25 7.32-7.38 (IH, m, aromatic). The hydrochloride salt was obtained as a white 



wo 2004/004657 PCTAJS2003/021371 

111 

soHd: mp 154-158 °C (dec.). AnaL calcd. for C8H9NO2-HCI: C, 45.83; H, 4.80; 
N, 6.68. Found: Q 45.81; H, 4.84; N, 6.59. 



Compound 60-C: N-(2.4-EMuoro4?enzvlV2-(2:2-dunethvl-5-oxo- 

5 ri^1dioxolan-4-ylidene)-N-methoxy-acetaimde 



20 



F o cr^ 



Reaction of (2,2-diniethyl-5-oxo-[l^]dioxolan-4-ylidene)^cetyl 
10 chloride with N-2,4KMuorobei»zyl^>methyl-hydroxylamine as described in 
the preparation of Compound 44-C gave the title amide as a white solid (97 % 
yield): mp 120-125 "C (ethyl acetate-hexane). ^HNMR 400 MHz (CDCI3) 5 
(ppm): 1.75 (6H, s, CH3), 3.73 (3H, s, OCH3), 4.86 (2H, s, NCH2), 6.38 (IH, s, 
CH), 6.78-6.87 (2H, m, aromatics), 7.37-7.43 (IH, nv aromatic). AnaL calcd. 
15 for CisHisFaNOs: C, 55.04; H, 4.62; N, 4.28. Found: Q 55.03; H, 4.43; N, 4.17. 



Compound 60-D: 3r(2,4-Difluoro-benzyl)-methoxy<arbamoyl]-2-hydroxy- 
acrylic add methyl ester 




N-(2,4-Difluoroben2yl)-2-(2,2-diDaethyl-5-oxo-[l^]-dioxolan-4- 
ylidene)-N-methoxy-acetamide was treated with methanol as described in 
the preparation of Compound 44-D and gave the title ester as white crystals 
25 (55% yield); mp 104-105 O. iHNMR 400 MHz (CDCU) 5 (ppm): 3.73 (3H, s, 
OCH3), 3.89 (3H, s, OCH3), 4.87 (2H, s, NCH2), 6.45 (IH, s, CH), 6.8-6.9 (2H, 
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20 



m, aromatics), 7.31-7.37 (IH, m, aromatic). Anal, calcd for CiaHi3F2N05: C, 
51.83; H, 4.35; N, 4.65. Found: C, 51.68; H, 4.27; N, 4.53. 



Compound 60: 4-Hvdroxv4'methvl-5-oxo-25Klihvdro-lH-pv^ 
5 carboxvlic add (2.4-difIuoro-benzyn-methoxy-araide 



O OH 

\ 




3-[(24-Difluorobenzyl)-methoxyKarbamoyl]-2-hydroxy-acry 
10 methyl ester (Compound 60-D) was treated with paraformaldehyde and 

methylamine as described in the preparation of Compound 12 to give tiie title 
compound as a white soUd (55% yield); mp 141-149 <'C, dec. ^HNMR 400 
MHz (CDCI3) S (ppm): 3.1 (3H, s, NCH3), 3.77 (3H, s, OCH3), 4.14 (2H, s, 
NCH2), 4.92 (2H, s, NCH2), 6.8-€.9 (2H, m, aromatics), 7.35-7.41 (IH, m, 
15 aromatic). 



EXAMPLE 61 

Compoimd 61-A: 3-Cyano-4-fluorobenzaldehyde O-m ettiyloxime 




Reaction of 3-cyano-4-fluorobenzaldehyde with methoxylamine 
hydrochloride as described in the preparation of Compotmd 44-A gave the 
title oxime ether as a clear oil after chromatography on silica gel (elution 
25 hexane-ethyl acetate 8:2) (94 % yield). ^HNMR indicated a 93:7 mixture of E- 
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to Z-isomers. ^HNMR 400 MHz (CDCb) 8 (ppm): (E-isomer) 4.02 (3H, s, 
OCH3), 726 (IH, m, aromatic), 7.85 (2H, m, aromatics), 8.03 (IH, s, CH). 

Compound 61-B: 2-Fluoro-5-(methoxyairuno-methvl)'benzomtia 

5 



sodium cyanoborohydride as described in the preparation of Compound 44- 
10 B gave the title hydroxylamine as a dear oil after chromatography on silica 
gel (elution hexane-ethyl acetate 8: 2) (73 % yield). iRNMR 400 MHz (CDCI3) 
5 (ppm): 3.46 (3H, s, OCH3), 4.02 (2H, s, NCH2), 7.18 (IH, t, aromatic), 7.58- 
7.66 (2H, m, aromatics). The hydrochloride salt was obtained as a white solid: 
mp 152-158 oC. Anal, calcd for C9H9FN2O-HCI: C, 49,89; H, 4.65; N, 12.93. 
15 Found: C, 50.04; H, 4.64; N, 12.84. 

Compound 61-C: N-(3<:vano-4-fluoro-benzvlV2-(2.2-<iimethyl-5-ox 

fl^1dioxolan-4-ylidene)-N-'methoxy-acetamide 



25 crystals (97 % yield): mp 119-120 ^C (ethyl acetate-hexane). iHNMR 400 MHz 
(CDCI3) 6 (ppm): 1.75 (6H, s, CH3), 3.75 (3H, s, OCH3), 4.78 (2H, s, NCH2), 




Reduction of 3-cyano-4-fluorobenzaldehyde O-methyloxime with 



20 




Reaction of (2,2-dimefhyl-5-oxo-[i;3]dioxolan-4-ylidene)-acetyl 
chloride with N-(3-cyano-4-fluorobenzyl)-0-methyl-hydroxylamine as 
described in the preparation of Compound 44-C gave the title amide as white 
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6.36 (IH, s, CH), 7.17 (IH, t, aromatic), 7.58-7.64 (2H, m, aroinatics). Anal, 
calcd for C16H15F2NO5: C, 57.48; H, 4.52; N, 8.38. Found: C, 57.39; H, 461; N, 
8.32. 

5 Compotind 61-D: 3-f(3-Cyano-4-fluoro-benzylVmethoxy-caTbamoyll-2- 
hydioxy-acrylic add methyl ester 



O OH 




10 N-(3<:yano-4-fluorobenzyl)-2-(2,2-dimethyl-5-oxo-[l^]-dioxolan-4- 
ylidene)-N-methoxy-acetamide was treated with methanol as described in 
the preparation of Compound 44-D and gave tiie title ester as white crystals 
(47% yield); mp 125-126 "C. ^HNMR 400 MHz (CDCI3) 6 (ppm): 3.75 (3H, s, 
OCH3), 3.90 (3H, s, pCHa), 4.81 (2H, s, NCH2), 6.44 (IH, s, CH), 7.18 (IH, m, 

15 aromatic), 7.56-7.61 (2H, m, aromatics). Anal, calcd for C14H13FN2O5: C, 54.54; 
H, 4.25; N, 9.08. Found: C, 54.76; H, 429; N, 9.04. 

Compound 61: 4-Hydroxv-l-methyl-5-oxo-23-dihydro-lH-pyrrole-3- 
carboxylic add (3-cyano-4-fluoro-benzyl')-methoxy-amide 

20 

O OH 




3-[(3-Cyano-4-fluorobenzyl)-metho3qr-carbamoyl]-2-hydroxy-acrylic 
add methyl ester (Compoimd 61-D) was treated with paraformaldehyde and 
25 methylamine as described in the preparation of Compoimd 12 to give the tittle 
compound as a v^hite solid (69% yield); mp 175 °C dec. ^HNMR 400 MHz 
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(CDOa) 5 (ppm): 3.11 (3H, s, NCH3), 3.78 (3H, s, OCH3), 4.16 (2H, s, NCH2), 
4.85 (2H, s, NCH2), 7.19 - 7.24 (IH, m, aromatic), 7.59-7.62 (2H, m, aromatics). 

EXAMPLE 62 

5 Compotmd 62-A; 4-Cvanobenzaldehyde O-methvloxiine 




Reaction of 4-cyanobenzaldehyde with methojqrlamine hydrochloride 
10 as described in ti\e preparation of Compound 44-A gave the title oxime etiier 
as a white solid (96 % yield), (Gordon, M.S. et al., .J. Org. Chem., 49, 1984, 97- 
100). iHNMR indicated a 95:5 mixture of E- to Z-isomers. ^HNMR 400 MHz 
(CDCI3) 6 (ppm): (E-isomer) 4.02 (3H, s, OCH3), 7.07 (4H, m, aromatics), 8.06 
(IH, s, CH). 

15 

Compoimd 62-B: 4-(Methoxvamino-methyD-ben2onitrile) 




20 Reduction of 4-cyanobenzaldehyde O-methyloxime with sodium 

cyanoborohydride as described in the preparation of Compound 44-B gave 
the title hydroxylamine as a clear oil (75 % yield). ^HNMR 400 MHz (CDCI3) 
5 (ppm): 3.48 (3H, s, OCH3), 4.09 (2H, s, NCH2), 7.48 (2H, m, aromatics), 7.63 
(2H, m, aromatics). The hydrochloride salt was obtained as a white solid: mp 

25 168 °C (dec). Anal, calcd. for CgHioNzO-HCl: C, 54.41; H, 5.58; N, 14.10. 
Found: C, 54.44; H, 5.62; N, 13.94. 
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Compound 62-C: N-f4rCvano-benzv) V-2-(?.^?-Him el3ivl-5-oxo-ri.31dioxolan-4- 
ylideneV-N-methoxy-acetamide 




Reaction of (2;2-dimethyl-5-oxo-[l^]dioxolan-4-ylidene)-acetyl 
chloride with N-(4-cyanobenzyl)-<)-inethyl-hydroxylamine as described in 
the preparation of Compound 44-C gave ttie title amide as white crystals (99 
% yield): mp 148-149 ^C (ethyl acetate-hexane). iHNMR 400 MHz (CDCI3) 5 
10 (ppm): 1.75 (6H, s, CH3), 3.72 (3H, s, OCH3), 4.86 (2H, s, NCH2), 6.39 (IH, s, 
CH), 7.46 (2H, m, aromatics), 7.63 (2H, aromatics). AnaL calcd. for 
C16H16N2O5: C, 60.75; H , 5.10; N, 8.86. Found: C, 60.60; H, 4.91; N, 8.78. 



Compound 62-D; 3-r(4-Cvano-ben2vl)-methoxy-carbamoyll-2-hvdroxy- 
15 acrylic acid methyl ester 




N-(4-Cyanobenzyl)-2-(2,2-dimethyl-5-oxo-[l^]-dioxolan-4-ylidene)-N- 
20 methoxy-acetamide was treated with methanol as described in the 

preparation of Compound 44-D gave the title ester as white crystals (52% 
yield); mp 110 °C. ^HNMR 400 MHz (CDCI3) 5 (ppm): 3.73 (3H, s, OCH3), 3.90 
(3H, s, OCH3), 4.88 (2H, s, NCH2), 6.47 (IH, s, CH), 7.43 (2H, d, J = 8.6 Hz, 
aromatics), 7.64 (2H, d, J = 8.6 Hz, aromatics). Anal, calcd for C14H14N2O5: C, 
25 57.93; H, 4.86; N, 9.65. Found: C, 57.87; H, 4.80; N, 9.67. 
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Compound 62: 4-HydjQxy-l"methvl-5H3XO"23-Kiihydro-lH-py^ 
carboxylic add (4-cyano-beiizvl)-methoxy'aimde 



OH 




3-[(4<Iyanoben2yl)-methoxyKarbamoyl]-2-hydroxy-«aylicadd 
methyl ester (Compound 62-D) was treated with paraformaldehyde and 
methylamine as described in the preparation of Compound 12 to give the title 
compoimd as a white solid (46% yield); mp 161 oC dec ^HNMR 400 MHz 
10 (CDCI3) 8 (ppm): 3.11 (3H, s, NCH3), 3.75 (3H, s, OCH3), 4.17 (2H, s, NCH2), 
4.93 (2H, s, NCH2), 7.44 (2H, d, J = 8.2 Hz, aromatics), 7.65 (2H, d, J = 8.2 Hz, 
aromatlcs). Anal, calcd for C15H15N3O4: C, 59.79; H, 5.01; N, 13.94. Found: C, 
59.51; H, 4.90; N, 13.69. 



15 EXAMPLE 63 

Compound 63-A: 4-Acetamidobenzaldehyde Q-methylnvimp 




20 Reaction of 4-acetamidobenzaldehyde with methoxylamine 

hydrochloride as described in the preparation of Compound 44-A gave the 
title oxime etiier as a white soUd (98 % yield), (Sakamoto, T. et al., J. Org. 
Chem., 57, 1992, 3245-3248). ^HNMR indicated a 95:5 mixture of E- to Z- 
isomers. ^HNMR 400 MHz (CDCU) 5 (ppm): (E-isomer) 2,19 (3H, s, CH3), 

25 3.96 (3H, s, OCH3), 722 (IH, broad s, NH), 7.53 (4H, m, aromatics), 8.01 (IH, 
s,CH). 
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Compoxmd 63-B: N-f4"(Methoxyamino-methyl)-phenyl1"acetaimde 



O f^^V^NH 



H 



5 



Reduction of 4-acetainidobenzaldehiyde 0-metiiyloxiin.e with sodium 



cyanoborohydxide as described in the preparation of Compound 44-B gave 
the title hydroxylamine as a waxy solid (100 % yield), ^HNMR 400 MHz 
(CDCI3) 5 (ppm): 2.16 (3H, s, CH3), 3.49 (3H, s, OCH3), 4.00 (2H, s, NCH2), 
7.26 (IH, broad s, NH), 7.29 (2H, m, aromatics), 7.46 (2H, m, aroinatics). The 
10 hydrochloride salt was obtained as a white solid: mp 186-188 °C (dec.). Anal, 
calcd. for C10H14N2O2-HCI-H2O: C, 50.87; H, 6.66; N, 11.87. Found: C, 50.77; 
H, 6.44; N, 12.16. 

Compovind 63-C; N-(4-Acetylamiiio-benzyl)-2(2.2-dimethyl-5-oxo- 
15 fl31dioxolan-4-ylidene)-N-me1hoxy-acetamide 



20 chloride with N-(4-acetannidobeii[zyl)-0-methyl-hydroxylainine as described 
in the preparation of Compovind 44-C gave the tide amide as white crystals 
(92 % yield): mp 212-215 °C (dec.) (dichloromethane-hexane). iRNMR 400 
MHz (CDCI3) 5 (ppm): 1.73 (6H, s, CH3), 2.16 (3H, s, CH3), 3.67 (3H, s, OCH3), 
4.78 (2H, s, NCH2), 6.39 (IH, s, CH), 7.32 (3H, m, aromatics and NH), 7.45 

25 (2H, m, aromatics). Anal, calcd. for C17H20N2O6: C 57.87; H, 5.86; N, 7.94. 
Found: Q 57.76; H, 5.68; 8.51. 




H 



Reaction of (2,2-dimethyl-5-oxo-[l,3]dLoxolan-4-ylidene)-acetyl 
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Compound 63*D: 3-r(4-Aceiylarnmo-berizyl)-methQxy<:arbam 
hydroxy-acrylic add methyl ester 




N-(4-Acetylammobenzyl)-2-(2,2-dimethyl-5<)xo-[13]<iioxolan-4- 
ylidene)-N-methoxy-acetamide was treated with methanol as described in 
the preparation of Compovind 44-D and gave the title ester as white crystals 
(35% yield); mp 125 °C. ^HNMR 400 MHz (CDCb) 5 (ppm): 2.18 (3H, s, 
10 COCH3), 3.68 (3H, s, OCH3), 3.89 (3H, s, OCH3), 4.79 (2H, s, NCH2), 6.46 (IH, 
s, CH), 7.16 (IH broad s, NH), 7.29 (2H, d, J = 8.6 Hz, aromatics), 7.48 (2H, d, J 
= 8.6 Hz, aromatics). Anal. Calcd for CisHisNaOe: C, 55.89; H, 5.62; N, 8.69. 
Found: C 55.95, H 5.70, N 8.59. 



15 Compoimd 63: 4-Hydroxy-l-'methyl-5-oxo-23-dihydro-lH-pyrrole-3- 
carboxylic add (4-acetylamino-benzylVmethoxy-amide 



OH 




20 3-[(4-Acetylarninobenzyl)-methoxy<arbamoyl]-2-hydroxy-acrylic acid 

methyl ester (Compoiind 63-D) was treated with paraformaldehyde and 
methylamine as described in the preparation Compovind 12 to give the title 
compound as a white solid (43% yield); mp 110 »C. iHNMR 400 MHz (CDCI3) 
5 (ppm): 2.18 (3H, s, COCH3), 3.1 (3H, s, NCH3), 3.71 (3H, s, OCH3), 4.15 (2H, 

25 s, NCH2), 4.83 (2H, s, NCH2), 7.29 (2H, d J = 8.6 Hz, aromatics), 7.34 (IH, 
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broad s, NH), 750 (2H, d, J = 8.6 Hz, aromatics). HRMS (ES+) calculated for 
Ci6H2oN305:[M+H]+: 334.140296 ; found: 334.139137. 

EXAMPLE 64 

5 Compound 64-A: 3-[(4-Ruoro-3-methyl-benzyl)-methoxy-carbamoyl1-2- 
hydroxy-acrylic acid methyl ester 



O OH 




10 2-(2>Dimetihyl-5-oxo-[i;3]-dioxolan-4-ylidene)-N-(4-fluoro-3- • 

methylbenzyl)-N-methoxy-acetamide/ prepared using the methods described 
in die previous examples, was treated with methanol as described in tihe 
preparation of Compoimd 44-C Jind gave the tide ester as white crystals (32% 
yield); mp 60-62 oC. ^HNMR 400 MHz (CDCI3) 5 (ppm): 2.27 (3H, broad s, 

15 CH3), 3.70 (3H, s, OCH3), 3.90 (3H, s, OCH3), 4.76 (2H, s, NCH2), 6.46 (IH, s, 
CH), 6.96 (IH, m, aromatic), 7.12 (2H, m, aromatics). AnaL calcd for 
C14H16FNO5: C, 56.56; H, 5.42; N, 4.71. Found: C, 56.36; H, 5.44; N, 4.54. 

Compound 64: 4-Hydroxy-l-metihiyl-5-oxo-2^-dihydro-lH-pyrrole-3- 
20 carboxylic add (4-fluoro-3-methyl-ben2yl)-methoxy-amide 

O OH 



3-[(4-Huoro-3-methylben2yl)-methoxy<arbamoyl]-2-hyck^ 
25 add methyl ester (Compound 64-A) was treated with paraformaldehyde and 
methylamine as described in the preparation of Compoimd 12 to give the title 



wo 2004/004657 



PCTAJS2003/021371 



121 



compound as white crystals (76% yield); mp 160-164 ^C. iRNMR 400 MHz 
(CDCI3) 5 (ppm): 2.27 (3H, s, CH3), 3.10 (3H, s, NCH3), 3.73 (3H, s, OCH3), 
4.15 (2H, s, NCH2), 4.81 (2H, s, NCH2), 6.97 (IH, m, aromatic), 7.12 (2H, m, 
aromatics). AnaL calcd for C15H17FN2O4: C, 58.44; H, 5.56; N, 9.09. Found: C, 
5 58.41; H, 5.61; N, 8.90. 

EXAMPLE 65 

Compound 65- A: 3-r(3-Fluoro-4-methyl-benzyl)-methoxy-carbamoyll-2- 
hvdroxv-acrylic acid methyl ester 



2-(2,2-Dimethyl-5-oxo-[i;3]-dioxolan-4-ylidene)-N-(3-fluoro-4- 
mettiyIbenzyl)-N-methoxy-acetamide, prepared using the metiiods described 
15 in the previous examples, was treated with methanol as described in the 



yield); mp 88 "C. iHNMR 400 MHz (CDCI3) 5 (ppm): 2.25 (3H, d, J = 1,5 Hz, 
CH3), 3.70 (3H, s, OCH3), 3.90 (3H, s, OCH3), 4.78 (2H, s, NCH2), 6.47 (IH, s, 
CH), 6.96 (2H, m, aromatics), 7.26 (IH, m, aromatic). HRMS ( MAB N2 ) 
20 calculated for CwHisFNOs, [M]+: 297.101251 ; found: 297.101261. 

"v 

t 

Compound 65: 4- Hvdroxv-l-methvl-5-oxo-2^-dihvdro-lH-pvrrole-3- 
carboxvlic add (3-fluoro-4-methyl-benzvl)-methoxy-amide 



10 




preparation of Compovmd 44-C and gave the title ester as white crystals (49% 



25 
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3-[(3-RuorcH^methylbeirzyl)-methoxy<arbamoyl]-2-hydroxy-ac^ 
add methyl ester (Compound 65- A) was treated witii paraformaldehyde and 
methylamine as described in the preparation of Compound 12 to give the tide 
compoimd as white crystals (54% yield); mp 145 "C. ^HNMR 400 MHz 
5 (CDCI3) 5 (ppm): 2.26 (3H, broad s, CH3), 3.11 (3H, s, NCH3), 3.73 (3H, s, 
OCH3), 4.16 (2H, s, NCH2), 4.83 (2H, s, NCH2), 6.99 (2H, m, aromatics), 7.16 
(IH, m, aromatic). Anal, calcd for Ci5Hi7HSr204: C, 58.44; H, 5.56; N, 9.09. 
Found: C, 58.16; 5.44; N, 8.88. 

10 EXAMPLE 66 

Compound 66-A: 2-Hydroxy-3-f (2-isopropoxy-benzyl)-methoxy-carbamovll- 
acrylic add methyl ester 



O OH 




15 

2-(2^-Dimethyl-5-oxo-[i;3]-dioxolan-4-ylidene)-N-(2- 
isopropoxybenzyl)-N-methoxy-acetamide, prepared using the methods 
described in the previous examples, was treated with methanol as described 
in the preparation of Compovind 44-D and gave the titie ester as a white 
20 syrup (62% yield). iHNMR 400 MHz (CDCI3) 6 (ppm): 1.33 (6H, d, J = 6 Hz, 
CH3), 3.68 (3H, s, OCH3), 3.89 (3H, s, OCH3), 4.59 (IH, m, CH), 4.9 (2H, s, 
NCH2), 6.50 (IH, s, CH), 6.88 (2H, m, aromatics), 7.24 (2H, m, aromatics). 
HRMS ( MAB N2 ) calculated for CieHnNOe, [M]+: 323.136888 ; found: 
323.136700. 

25 
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Compoimd 66: 4"Hvdroxv-l-methyl"5<>xo-23-<lihvdrO'lH-pyr^ 

carboxylic add (2-isopropoxy)"methoxy-ainide 




2-Hydroxy-3-[(2-isopropoxybenzyl)-methoxy-<:arbamoyll- acrylic acid 
methyl ester (Compound 66-A) was treated with paraformaldehyde and 
methylamine as described in the preparation of Compoimd 12 to give the title 
compound as a tan soUd (22% yield). ^HNMR 400 MHz pMSO-dfi) 5 (ppm): 
10 1.26 (6H, d, J = 6.2 Hz, CH3), 2.91 (3H, s, NCH3), 3.57 (3H, s, OCH3), 4.03 (2H, 
s, NCH2), 4.60 (IH, m, CH), 4.71 (2H, s, NCH2), 6.66 (IH, m, aromatic), 6.95 
(IH, m, aromatic), 7.15 (2H, m, aromatics). HRMS ( ES+ ) calculated for 
C17H53N2O5, [M+H]+: 335.160697 ; found: 335.161171. 



15 EXAMPLE 67 

Compound 67-A: 4-Carbomethoxvbenzaldehvde O-methyloxime 



20 Reaction of methyl 4-f ormylbenzoate with methoxylamine 

hydrochloride as described in the preparation of Compoimd 44-A gave the 
title oxime ether (96 % yield) as a white solid (mixture of E- and Z-isomers). 
The E-isomer was obtained as white crystals from hexane; mp 66-67 <1 (Lit. 
mp 65-66 ^, Cooks, Org. Mass Spectrum., 5, 1971, 687 ). ^HNMR 400 MHz 
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pMSO-cU) 6 (ppm): (E-isomer ) 3.86 (3H, s, OCH3), 3.93 (3H, s, OCH3), 7.75 
(2H, d, aromatics), 7.98 (2H, d, aromatics), 8.32 (IH, s, CH). 



5 



15 



Compoun d 67-B: 4-flMethoxyaiiuno-methylVben2oic add methyl ester 




Reduction of 4-carboinethoxybenzaldehyde O-methyloxime with 
sodium cyanoborohydride as described in tihe preparation of Compound 44- 
10 B gave the title hydroxylamine as an oil (53 % yield). The hydrochloride salt 
was obtained as a white solid: mp 166-169 °C. iHNMR 400 MHz (DMSO-de) 5 
(ppm): 3.75 (3H, s, OCH3), 3.86 (3H, s, OCH3), 4.39 (2H, s, NCH2), 7.65 (2H, d, 
aromatics), 7.97 (2H, d, aromatics). Anal, calcd for CioHiaNOs-HQ: C, 51.84; 
H, 6.09; N, 6.04. Found: C, 51.74; H, 6.01; N, 5.50. 



Compound 67-C: 4-({r2422-Dimethvl-5-oxo-ri31dioxolan-4-vhdene)-acetvn- 
methoxy-aminot-methylV-benzoic add methyl ester 




O 

20 

Reaction of (2,2-dimethyl-5-oxo-[l^]dioxolan-4-yIidene)-acetyl 
chloride with N-4rcarbomethoxybenzyl-0-methyl-hydroxylamine as 
described in the preparation of Compoimd 44-C gave the title amide as a 
white solid (83 % yield): mp 120 °C (dichloromethane-hexane). 1HNMR400 
25 MHz (CDCI3) 5 (ppm): 1.75 (6H, s, CH3), 3.67 (3H, s, OCH3), 3.91 (3H, s. 
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OCH3), 4.88 (2H, s, NCH2), 6.40 (IH, s, CH), 7.42 (2H, d, aromatics), 8.0 (2H, 
d, aromatics). AnaL calcd for C17H19NO7: C, 58.45; H, 5.48; N, 4.01. Found: C, 
58.54; H, 5.55; N, 3.61. 

5 Compound 67-D: 4fr(3-Hydroxy-3-methoxycarbonyl-aayloylV-rn.ethoxy- 
aminol-methyll-benzoic add meihyl ester 



O OH 




0 



10 4-({[2-(2>Dimethyl-5-oxo-[l^]-dioxolan-4-yUdene)-acetyl]- 
meihoxyamino}-methyl)-benzoic acid methyl ester was treated with 
methanol as described in ttie preparation of Compoimd 44-D and gave the 
title ester as a white soUd. iHNMR 400 MHz (CDCI3) 5 (ppm): 3.70 (3H, s, 
OCH3), 3.90 (3H, s, OCH3), 3.91 (3H, s, OCH3), 4.89 (2H, s, NCH2), 6.5 (IH, s, 

15 CH), 7.39 (2H, d J = 8.1 Hz, aromatics), 8.02 (2H, d, J = 8.1 Hz, aromatics). 
HRMS (ES+) calculated for C15H18NO7, [M+H]+: 324.108327 ; found: 
324.109066. 

Compound 67: 4-iff4-Hydroxy-l-methyl-5-oxo-2,5-dihydro-lH-pyrrole-3- 
20 carbonyD-methoxy-aminol-methyll-benzoic acid methyl ester 




O 



4-{[(3-Hydroxy-3-[methoxycarbonyI-acryloyl)-metihiOxyamino]- 
25 methyl}-benzoic add methyl ester (Compoimd 67-D) was treated with 
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paraformaldehyde and methylamine as described in the preparation of 
Compound 12 to give the title compound as a tan solid. ^HNMR 400 MHz 
(CDCI3) 6 (ppm): 3.11 (3H, s, NCH3), 3.73 (3H, s, OCH3), 3.92 (3H, s, OCH3), 
4.17 (2H, s, NCH2), 4.93 (2H, s, NOfc), 7.4 (2H, d, J = 8.1 Hz, aromatics), 8.02 
5 (2H, d, J = 8.1 Hz, aromatics), 11.54 (IH, broad s, OH). HRMS (ES+) 
calculated for C16H19N2O6, [M+HJ+r 335.1249 ; found: 335.1243. 



EXAMPLE 68 

Compound 68-A: 4'{f(4-HydTOxy-l-methyl-5-oxO"2^-dihydrO'lH-pyrrole-3- 
10 carbonyD-methoxy-aminol-methyll-benzoic acid tert-butyl ester 




O OH 
^ \ 



4-({[2-(2;2Klimethyl-5-oxo-[l^]-dioxolan-4-ylidene)-acetyl]- 
15 inethoxyamino}-inetihyl)-benzoic add fert-butyl ester, prepared using the 
methods described in the previous examples, was treated in methanol with 
paraformaldehyde and metitiylamine as described in the preparation of 
Compound 12 to give the title compovind as a white solid (40% yield); mp 
157-160 °C. 1HNMR400 MHz (CDCI3) 5 (ppm): 1.58 (9H, s, t-Bu), 3.11 (3H, s, 
20 NCH3), 3.72 (3H, s, OCH3), 4.16 (2H, s, NCH2), 4.92 (2H, s, NCH2), 7.37 (2H, 
d, J = 8 Hz, a^omatics), 7.97 (2H, d, J = 8 Hz, aromatics), 11.55 (IH, broad s, 
OH). 
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Compoimd 68: 4-{f (4-Hvdroxv-l-methyl-5-<)xo-2^dihydrO"lH-pyrr^^^ 
carbonyl)-methoxy-ainmo1-methyl}-benzoic add 



O OH 




O 

5 

A solution of 4-{[(4-hydroxy4-methyl-5<>xo-2^-dihydro4H-pyiTol^ 
3-carbonyl)-methoxyammo]-methyl}-benzoic add tert-butyl ester ( 0.062 g, 
0.16 imnol ) in didiloromethane (3 ml ) was treated with trifluoroacetic add 
( 0.6 ml ) and stirred at 25 for 2h. The solvent was then evaporated in 

10 vacuo and the residue was triturated with acetonitrile to give 0.041 g (80% 
peld) of the title material as a white solid; mp 196-197 ©C. iHNMR 400 MHz 
pMSOde) 5 (ppm): 2.97 (3H, s, NCH3), 3.73 (3H, s, OCH3), 4.19 (2H, s, 
NCH2), 4.96 (2H, s, NCH2), 7.42 (2H, d, J = 8.3 Hz, aromatics), 7.91 (2H, d, J = 
8.3 Hz, aromatics), 11.4 (IH, broad s, OH), 12.9 (IH, broad s, OH). Anal, calcd 

15 for C15H16N2O6.H2O: C, 53.25; H, 5.36; N, 8.28. Found: C, 53.59; H, 4.79; N, 
8.19. 

EXAMPLE 69 

Compoimd 69: 4-Hydroxy-l-mettiyl-5oxo-'23-dihvdrQ-lH-pyrrole-3- 
20 carboxylic add ri-(4>fluoro-phenyl)-ethyn-methoxv-amide 




2-{2,2-Dimethyl-5-oxo-[l,3]-dioxolan-4-ylidene)-N-[l-(4-fluorophenyl)- 
25 ethyl]-N-methoxy-acetamide, prepared using the methods described in the 
previous examples, was treated in methanol with paraformaldehyde and 
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methykmiiie as described in the preparation Compound 12 to give iiie title 
. compound as a white solid (47% jdeld); mp 136-138 »C. ^HNMR 400 MHz 
(CDOa) 6 (ppm): 1.68 (3H, d, J = 7.1 Hz, CH3), 3.1 (3H, s, NCH3), 3.49 (3H, s, 
OCH3), 4.13 (2H, AB system. Jab = 18.2 Hz, Av = 45.7 Hz, NCHa), 5.75 (IH, q, J 
5 = 7.1 Hz, CH), 7.06 (2H, m, aromatics), 7.42 (2H, m, aromatics). Anal, calcd ' 
for C15H17FN2O4: C, 58.43; H, 5.55; N, 9.08. Found: C, 58.40; H, 5.38; N, 9.01. 



EXAMPLE 70 

Compoimd 70-A; (4-FluorobenzylideneaminooxyVacetic add tert-hutyl ester 



10 




Condensation of 4-fluorobenzaldehyde with hydroxylamine 
hydrochloride using the same procedure as Compound 44-A followed by 
15 reaction with tert-butyl bromoacetate gave the title oxime ether as a clear oil 
(84 % yield). iHNMR 400 MHz (CDCb) 8 (ppm): 1.52 (9H, s, t-Bu), 4.61 (2H, s, 
OCH2), 7.08 (2H, m, aromatics), 7.59 (2H, m, aromatics), 8.19 (IH, s, CH). 



Compound 7Q-B: fN-(4"Fluoro-benzyl)aminooxyl-acetic add tert-butyl ester 

20 




Reduction of (4-fluorobenzylideneaminooxy)-acetic add tert-hntyl 
ester as described in the preparation of Compound 44-B gave the tide 
25 hydroxylamine as a dear oil (65 % yield). ^HNMR 400 MHz (QDe) 5 (ppm): 
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1.43 (9H, s, t-Bu), 3.84 (2H, d J = 5.6 Hz, NCHa), 4.17 (2H, s, OCH2), 6.39 (IH, 
broad t, NH), 6.86 (2H, m, aromatics), 7.05 (2H, m, aromatics). 

Compound 70-C: rr2-(22-Dimethvl-5<>xo4131dioxolan-4-vUdeneVacetvl1-f^ 
5 fluoro-beixzryD-aiiuutiooxvl-acetic add tert butyl ester 




Reaction of (2,2-dimethyl-5-oxo-[l;3]dioxolan-4-ylLdene)-acetyl 
10 chloride with |N-(4-fluoroben2yl)2uiunooxy]-acetic acid ferf-butyl ester as 
described in the preparation of compotmd 1-A gave the title amide as white 
crystals (85 % yield): mp 119-120 °C (ethyl acetate-hexane). ipINMR 400 MHz 
(CDCI3) 6 (ppm): 1.48 (9H, s, t-Bu), 1.74 (6H, s, CH3), 4.30 (2H, s, CH2), 4.88 
(2H, s, CH2), 6.48 (lli s, CH), 7.0 (2H, m, aromatics), 7.38 (2H, m, aromatics). 
15 AnaL calcd for C20H24FNO7: C, 58.67; H, 5.91; N, 3.42. Fotind: C, 58.83; H, 
5.92; N, 3.31. 

Compoimd 70-D: 3-rtert-Butoxycarbonylmethoxy-(4-fluoro-benzyl)- 
carbamoyll-2-hydroxy-acrylic add methyl ester 
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[[2-(2>Dimethyl-5-oxo-[13]-dioxolan-4-ylidene)-acetyl]-(4- 
fluorobenzyl)-aininooxy]-acetic add tert-butyi ester was treated with 
methanol as described in the preparation of Compound 44-D and gave the 
title ester as a dear oil (69% yield). ^HNMR 400 MHz (CDCI3) 6 (ppm): 1.50 
5 (9H, s, t-Bu), 3.92 (3H, s, OClh), 4.35 (2H, s, CH2), 4.94 (2H, s, CH2), 6.55 (IH, 
s, CH), 7.05 (2H, m, aromatics), 7.39 (2H, m, aromatics), 1335 (IH, bioad s, 
OH). HRMS (ES+) calculated for C18H23FNO7, [M+H]+: 384.145856 ; found: 
384.146214. 

10 Compoimd 70: f (4-Ruoro-benzyl)-(4-hydroxy-l-methyl-5-oxo-23-dihydro- 
lH-3-carbonyl)-aminooxy-acetic add tert-butyl ester 

O OH 

15 3-[tert-Butoxycarbonylmethoxy-(4-fluorobenzyl)-carbamoyl]-2- 
hydroxy-acrylic add methyl ester (Compoimd 70-D) was treated with 
paraformaldehyde and methylamine as described in the preparation of 
Compound 12 to give the title compoimd as a white solid (30% yield); mp 
128-130 "C, iHNMR 400 MHz (CDCI3) 5 (ppm): 1.48 (9H, s, t-Bu), 3.1 (3H, s, 

20 NCH3), 4.22 (2H, s, CH2), 4.35 (2H, s, CH2), 4.93 (2H, s, NCH2), 7.06 (2H, m, 
aromatics), 7.38 (2H, m, aromatics), 11.55 (IH, broad s, OH). HEMS (ES+) 
calculated for Ci9H24FN206, [M+H]+: 395.161840 ; found: 395.161599. 




wo 2004/004657 



PCTAJS2003/021371 



131 

EXAMPLE 71 

Compound 71: r(4-Huoro-benzyl)-(4-hyclroxy-l-methyl-5K)xo-23 
lH-pyrrole-3-carbonyl)-aminooxy}-acetic add 



Q OH 



5 




A solution of [(4-fluoroben2yl)-(4-hydroxy-l-methyl-5-oxo--2^- 
dihydro-lH-pyrrole-3<arbonyl)-aininooxy]-acetic add feri-butyl ester (0.041 
g, 0.104 nunol) in didiloromethane (4 ml) was treated with trifluoroacetic 

10 add (1 ml) and the resulting mixhire was stirred at 22 for 2h. The solvent 
was evaporated in vacuo and the residue was recrystallized from a mixture 
of ethyl acetate and hexane to give 0.027 g (80% yield) of the titde material as 
white crystals; mp 147-150 ^C. ^HNMR 400 MHz (DMSO-d^) 5 (ppm): 2.95 
(3H, s, NCH3), 4.14 (2H, s, CH2), 4.62 (2H, s, CH2), 4.92 (2H, s, CH2), 7.17 (2H, 

15 m, aromatics), 7.36 (2H, m, aromatics), 11.4 (IH, broad s, OH), 13.1 (IH, broad 
s, OH). HRMS (ES+) calculated for CisHieFNzOe, [M+H]+: 339.099240 ; found: 
339.100624. 

EXAMPLE 72 

20 • Compound 72-A: N-Dimethylcarbamoylmettioxy-2-(2>2'<limethyl"5-oxo- 
fl^1dioxolan'4-ylidene)-N-(4-fluoro-benzyl)-acetainide 
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A solution of [[2-(2^Klimethyl-5<>xo-[i;3]-dioxolan-4-yUden^ 
(4-£luorobenzyl)-airunooxy]-acetic add (0.681 g, 1.93 mmol) in 
dichloromethane (20 ml) was treated at 22 with oxalyl chloride (0.34 ml, 
3.9 mmol) and a trace of N,N-dimethylformamide and the resulting mixture 
5 was stirred for Ih. The solvent and excess reagent were then evaporated in 
vacuo. The residual material was dissolved in dry dichloromethane (10 ml) 
and added dropwise to a cold (0 <1) solution of dimethylamine (0.18 g, 4.0 
mmol) and pyridine (0.25 ml, 3.2 mmol ) in dichloromethane. After 2h, the 
reaction mixture was diluted with ethyl acetate, washed with saturated 

10 sodium bicarbonate and brine and dried over anhydrous magnesiimi sulfate. 
Evaporation of the solvent in vacuo and crystallisation of the residue from a 
mixture of ethyl acetate and hexane gave 0.370 g (50 % yield) of the title 
material as a white soUd. ^HNMR 400 MHz (CDCI3) 5 (ppm): 1.77 (6H, s, 
CH3), 2.91 (3H, s, CH3), 2.97 (3H, s, CH3), 4.53 (2H, s, CH2), 4.93 (2H, s, CH2), 

15 6.43 (IH, s, CH), 7.03 (2H, m, aromatics), 7.41 (2H, m, aromatics). 

Compoimd 72-B: 3-rDimethylcarbamoylmethoxy-(4-fluoro-benzyl)- 
carbamoyn-2-hydroxy-acrylic add methyl ester 




N-Dimethylcarbamoyhnethoxy-2-(2,2-<iimethyl-5-oxo-[l,3]-dioxolan- 
4-ylidene)-N-(4-fluorobenzyl)-acetamide was treated with methanol as 
described in the preparation of Compoimd 44-D and gave the title ester as 
25 white crystals (54% yield); mp 133-135 ^C. iHNMR 400 MHz (CDCI3) 5 (ppm): 
2.9 (3H, s, NCH3), 2.98 (3H, s, NCH3), 3.91 (3H, s, OCH3), 4.54 (2H, s, CH2), 
4.96 (2H, s, CH2), 6.52 (IH, s, CH), 7.06 (2H, m, aromatics), 7.39 (2H, m. 
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aromatics), 13.38 (IH, broad s, OH). Anal, calcd for C16H19FN2O6: C, 54.24; H, 
5.40; N, 7.90. Found: C, 53.62; H, 5.40; N, 7.79. 

Compoxjnd 72: 4"Hydroxy-l-methyl-5<>xo-2^-dihydro-lH-pyrrole^ 
5 carboxylic add dimethylcarbamoy]methoxy-(4-fluoro-benzylVainide 



10 hydroxy-acrylic acid methyl ester (Compound 72-B) was treated with 
paraformaldehyde and methyleimine as described in the preparation of 
Compound 12 to give the title compound as a white solid (25% yield); mp 



147-149 iHNMR 400 MHz (CDCI3) 5 (ppm): 2.79 (3H, s, NCH3), 2.96 (3H, 
s, NCH3), 3.11 (3H, s, NCH3), 4.25 (2H, s, CH2), 4.51 (2H, s, CH2), 4.96 (2H, s, 
15 CH2), 7.06 (2H, m, aromatics), 7.38 (2H, m, aromatics), 11.54 (IH, broad s, 
OH). HRMS (ES+) calculated for C17H21FN3O5, [M+H]+: 366.146524 ; found: 
366.146176. 



20 Compoimd 73: 4-Hydroxy-l-methyl-5"QXQ-2.5-dihydro-lH-pyrrole-3- 
caiboxvUc add rbis-(4-fluorO"phenyl)-methyn-methoxy-ainide 




3-[Dunethylcarbamoyknethoxy-(4-fluorobenzyl)-carbamoyl]-2- 



EXAMPLE73 



F 



wo 2004/004657 



PCT/US2003/021371 



134 

N-[Bis-(4-fluorophenyl)-methyl]-2-<2^-dimethyl-5-oxo-[131-dioxolan- 
4-ylidene)-N-methoxy-acetaimde, prepared using the methods described in 
title previous examples, was treated in methanol with paraformaldehyde and 
methylamine as described in the preparation of Compound 44, Method 44B, 
5 to give tiie title compound as a tan solid (42% yield). iHNMR 400 MHz 
(DMSO-de) 5 (ppm): 2.9 (3H, broad s, NCH3), 3.1 (3H, broad s, OCH3), 4.2 
(2H, broad, NCH2), 6.9 (IH, broad s, CH), 7.0-7.4 (8H, m, aromatics). HEIMS 
(ES+) calculated for C20H22F2N3O4, [M+NH4]+: 406.157838 ; found: 406.158046. 

10 EXAMPLE 74 

Compound 74: 4-Hydroxy-l-methyl-5-oxo-25-dihydro-lH-pyrrole-3- 
carboxylic acid (2-chloro-4-fluoro-benzyl)-methoxy-amide 



CI O OH 




15 

N-(2-Chloro-4-fluorobenzyl)-2-(2,2-dimethyl-5-oxo-[l,3]-dioxoIan-4- 
ylidene)-N-methoxy-acetamide, prepared using the methods described in the 
previous examples, was treated in methanol with paraformaldehyde and 
methylamine as described in the preparation of Compoimd 44, Method 446, 

20 to give the title compovmd as white crystals (55% jdeld); mp 152-155 °C. 
iHNMR 400 MHz (CDCI3) 5 (ppm): 3.11 (3H, s, NCH3), 3.75 (3H, s, OCH3), 
4.17 (2H, s, NCH2), 5.01 (2H, s, NCHz), 6.99 (IH, m, aromatic), 7.15 (IH, dd, J 
= Z5 Hz, J = 8.0 Hz, aromatic), 7.36 (IH, dd, J = 5.7 Hz, J = 8.8 Hz, aromatic). 
Anal calcd for C14H14CIFN2O4: C, 51.15; H, 4.29; N, 8.52. Found: C, 50.62; H, 

25 4.18; N, 8.40. 
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EXAMPLE 75 

Compound 75: 4-HydToxy-l-methyl-5K)xo-25KiihydrO"lH"pw 
carboxylic add ri-(4-<Moro-benzyl)-2-(4<MorO"phenyl)-ethyl1-m 




N-[l-(4<3hloro-benzyl)-2-(4-diloro-phenyl)-e^^^ 
oxo-[13]dioxolan-4-ylidene)-N-methyl-acetamide, prepared using the 
methods described in the previous examples, was treated in methanol with 

10 paraformaldehyde and methylamine as described in the preparation of 

Compoiind 44, Method 44B, to give the title compoxmd as white crystals (56 
% yield); mp 152-154 <<:. ^HNMR 400 MHz (DMSO-cU) 8 (ppm): mixture of 
rotamei^: 2.7-3.0 (4H, m, CH2), 2.84 (3H, s, NCH3), 2.9 (3H, broad s, NCH3), 
3,4 and 3.7 (2H, two broad s, NCH2), 4.16 and 4.9 (IH, broad m, CH), 7.15- 

15 7.34 (8H, m, aromatics), 10.7 and 11.0 (IH, two s, OH). HRMS ( MAB N2 ) 
calculated for C22H22CI2N2O3: [M]+: 432.100748; foimd: 432.100835. 



EXAMPLE 76 

Compound 76- A: 4~Fluoro-N-(4"fluoro-berLzyl)-benzajnide 

20 




4rFlourobenzyl amine (27 grams, 0.22 mole) was dissolved in 200 mL 
of CH2CI2. To this was added 400 mL of IN NaOH and the resulting mixture 
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cooled to 0 °C. 4-Fluorobenzoyl chloride (33 gramS/ 0.21 mole) was added 
dropwise with stirring. The reaction was allowed to proceed for 20 min after 
which the organic layer was separated, dried over Na2S04, filtered and the 
solvent removed under vacuxun to yield 47 grams (92% yield) of 4-fluoro-N- 
5 (4-fluoro-benzyl)-benzamide as a solid. MS (M-H) calcd for C14H10F2NO: 
246.1; found: 246.0. Anal. Calcd for C14H11F2NO; C, 68.01; H, 4.48; N, 5.66; 
found: C, 67.76; H4.54; N, 5.45. NMR (500 MHz, DMSO) 6: 4.45 (d, 2 J = 
6), 7.15 (m, 2), 7.34 (overlapping m, 4), 7.97 (m, 2), 9.09 (t, 1 J = 6). i^C NMR 
(125 MHz, DMSO) 5: 41.88, 114.81, 114.98, 115.06, 115.23, 129.08, 129.15, 
10 129.76, 129.83, 130.60, 130.62, 135.66, 135.68, 160.10, 162.03, 162.83, 164.81, 
165.04. 

Compound 76-B: Bis-f4-fluoro-benzylVainJne hydrochloride 



15 




4-Fluoro-N-(4-fluoro-ben2yl)-benzamide (40.0 grams, 0.16 mole) was 
dissolved in 240 mL of THF. To this was added BFa-EtaO (7.4 mL. 0.06 mole) 

20 and the resulting mixture heated to reflux for 15 min. After cooling to -30 °C, 
BH3»SMe2 (22.3mL, 0.24 mole) was added using a dropping funnel. The 
reaction was allowed to warm to room temperature. The reaction flask was 
fitted with a distillation condenser and solvent removed under reflux for 25 
min The distillation apparatus was replaced with a reflux condenser and the 

25 reaction heated to 110 ^C for 2 h. After cooling to 0 ^C, 100 mL of 6N HCl 
was added and the mixture heated to reflux for 1 hr to yield a thick slurry. 
300 mL of 6N NaOH was slowly added at room temperature with 
intermittent cooling using an ice bath. After all the solid has dissolved EtzO 
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was added and the mixture transferred to a separatory funnel. The organic 
layer was separated, dried over NaaSOi, filtered and the solvent removed 
imder vacutim to yield an oil. The oil was dissolved in 50 mL of EtiO and 4N 
HQ (dioxane) added resulting in the formation of a white precipitate which 
5 was isolated by filtration to yield 40 grains (93% yield) of bis-(4-fluoro- 

benzyl)-amine hydrochloride. MS (M+H) calcd for C14H14F2N: 234.1; fotind: 
234.0. Anal, calcd for Ci4Hi4F2Na: C, 62.34; H, 5.23; N, 5.19; found: C, 61.89; 
H, 5.15; N, 5.27. m NMR (500 MHz, DMSO) 5: 4.12 (br s, 4), 7.26 (m, 4), 7.65 
(m, 4), 9.91 (br s, 2). 

10 

Compound 76-C: N.N-Bis-(4-fluorO'benzyl)-acetaimde 




15 Bis-(4-fluoro-benzyl)-amine hydrochloride (43 grams, 0.16 mole) was 

suspended in 200 mL of CH2CI2. To this was added 730 mL of IN NaOH. 
The reaction mixture was stirred vigorously while AcQ (20 mL, 0.28 mole) 
was slowly added. The reaction was stirred for 0.5 h, then the organic layer 
separated, washed with IN HCl, dried over Na2S04, filtered and the solvent 

20 removed under vacuum to yield 24 grams (55% yield) of N,N-bis-(4~fluoro- 
benzyl)-acetamide as an oil. MS (M+H) calcd for C16H16F2NO: 276.1; found: 
276.0. Anal, calcd for C16H15F2NO: C, 69.80; H, 5.49; N, 5.08; found: C, 69.53; 
H, 5.41; N, 5.06. NMR (500 MHz, DMSO) 5: 2,10 (s, 3), 4.45 (s, 2), 4.50 (s, 
2), 7.11-7.27 (overlapping m, 8). ^ NMR (125 MHz, DMSO) 5: 21.34, 50.04, 

25 54.80, 114.90, 115.07, 115.27, 115.45, 128.51, 128.58, 129.57, 129.64, 133.32, 
133.34, 133.86, 133.89, 160.25, 160.33, 162.27, 170.22. 



wo 2004/004657 



PCT/US2003/021371 



138 

Compound 76-D: 3-fBis-(4-fluoro4>enzyI)-carbamoyl1-2-hydroxy-aar^ acid 
methyl ester 



O OH 




5 

N,N-Bis-(4-£luoro-benzyl)-acetamide (15.0 grams, 54.5 mmol) and 
dimethyloxalate (9.6 grams, 81.3 mmol) were dissolved in 54 mL of THF. 
After cooling to 0 "^C 108 mL of IN LiHMDS (THF) was added dropwise. The 
reaction mixture was stirred 1 hr then quenched with IN HCl. The resulting 

10 mixture was extracted with CH2C12, dried over NaiSO^, filtered and the 

solvent removed imder vacuum. The product was purified by flash coltunn 
chromatography (SiOa, 80:20 hexanes/EtOAc) to yield 10 grams (53% yield) 
of 3-[bis-(4-fluoro-benzyl)-carbamoyl]-2-hydroxy-acrylic acid methyl ester as 
a soUd. Mp = 118-120 °C. Anal, calcd for C19H17F2NO4: C, 63.15; H, 4.74; N, 

15 3.87; found: C, 62.97; H, 4.72; N, 3.81. NMR (500 MHz, CDCb) 5: 3.87 (s, 
3), 4.46 (s, 2), 4.58 (s, 2), 6.32 (s, 1), 7.00-7.26 (overlapping m, 8). i^c NMR (125 
MHz, CDCI3) 5: 47.34, 49.35, 53.03, 93.34, 115.66, 115.83, 116.00, 116.18, 128.45, 
128.52, 130.03, 130.10, 131.09, 131.93, 131.95, 160.29, 161.44, 161.51, 163.10, 
163.41, 163.47, 171.36. 
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Compoimd 76: 4-Hy(b:oxy-l-methyl-5K)xo-2^-dihy(k^ 
carboxylic add bis-(4-fluorO'benzyl)-anude 



F 




5 

To 2 mL of AcOH at 60 was added 1 mL 2M Mehfflb (THF) and 60 
mg paraformaldehyde. After stirring for 5 min 3-[bis-(4-fluoro-beiizyl)- 
carbamoyl]-2-hydroxy-acrylic add methyl ester (723 mg, 2.0 mmol) was 
added and the resulting solution stirred at 60 °C for 2h. The reaction mixture 

10 was then cooled to room temperature and transferred to a separatory fuimel. 
The solution was extracted with EtOAc, the organic layer separated, washed 
with H2O, satd NaCl, then dried over Na2S04. After filtration the solvent was 
removed to isolate 500 mg (67% yield) of 4-hydroxy-l-methyl-5-oxo-2,5- 
dihydro-lH-pyrrole-3-carboxylic add bis-(4-fluoro-ben2yl)-amide as an 

15 orange soUd. MS (M+H) calcd for C20H19F2N2O3: 373.1; found: 373.0. 

NMR (500 MHz, DMSO) 5: 2.94 (s, 3), 4.01 (s, 2), 4.46 (br s, 2), 4.55 (br s, 2), 
7.13-7.22 (overlapping m, 8). 



20 



EXAMPLE 77 

Compoimd 77-A: (4-CMoro-benzyl)-(3.4-dicMoro-berizyI)-ariiine 
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From N-(4<Worobenzyl)-3,4KlicWorobenzairude (Borgma et al. 
Farmaco Ed. Sci, 1977, 32, 813). ^HNMR 400 MHz (C6D6) 5 (ppm): 3.22 (2H, s, 
NCH2), 3.31 (2H, s, NCH2), 6.78 (IH, d, J = 8.5 Hz, aromatic), 6.99 (2H, d, J = 
8.1 Hz, aromatics), 7.15 (2H, d, J = 8.1 Hz, aromatics), 7.24-7,31 (3H, m, 
5 aromatics). 



Compotmd 77-B: N-(4-CMoro-benzylVN-(3.4-dicMoro-benzvlVacetam^ 




10 4-(Chlorobenzyl)-(3,4-dichlorobenzyl)-amiiie was acetylated as 

described in the preparation of Compound 76-C and gave ttie title amide as a 
clear oil (78% yield). ^HNMR 400 MHz (C6D6) 5 (ppm), mixture of rotamers: 
1.77 and 1.78 (3H, 2 s, COCH3), 3.6 and 3.66 (2H, 2 s, NCH2), 4.26.and 4.33 
(2H, 2 s, NCH2), 6.37-7.2 (7H, m, aromatics). Anal, calcd for Ci6Hi4a3NO: C, 

15 56.08; H, 4.12; N, 4.09. Found: C, 56.13; H, 4.07; N, 4.08. 



Compotmd 77-C: 3-[(4<3iloro-benzylV(3.4HiicMoro-beiizvl)-carbamoyl1-2- 
hydroxy-acrvlic add mettiyl ester 



20 




N-(4<Ihlorobenzyl)-N-(3,4-dichlorobenzyl)-acetamide was reacted 
with dimethyl oxalate as described in the preparation of Compoimd 76-D 
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and gave the title methyl ester as a dear oH (40% yield). »HNMR 400 MHz 
(CDCI3) 5 (ppm): nuxture of rotamers: 3.9 (3H, s, OCH3), 4.47, 4.5, 4.58 and 
4.62 (2 X 2H, 4 s, NCH2), 6.27 and 6.33 (IH, 2 s, CH), 7.0-7.48 (7H, m, 
aromatics), 14.33 and 1437 (IH, 2 s, OH). 

Compound 77: 4-Hydroxy-l-meihyl-5-oxo-2^-d3hydro-lH-pyrrole-3- 
carboxylic add (4-chloro-benzylW3,4-dichloro-benzyl)-ainide 



O OH 




3-[(4-Chloroben2yl)-(3,4-didilorobenzyl)-carbamoyl]-2-hydroxy- 
acrylic add methyl ester was reacted with paraformaldehyde and 
methylamine as described in the preparation of Compound 12 to give the title 
compound as a white solid (39% yield); mp 165 «C, dec. iRNMR 400 MHz 
15 (CDCla) 5 (ppm): 3.09 (3H, s, NCH3), 4.09, 4.55 and 4.56 (3 x 2H, 3 s, NCH2), 
7.05-7.45 (7H, m, aromatics), 10.3 (IH, broad, OH). 

EXAMPLE 78 

Compotmd 78-A: N-(3,4-Dichloro-phenylVN-(4-fluoro-benzylVacetamide 




3,4-(Dichlorophenyl)-(4-fluorobenzyl)-amine was acetylated as 
described in the preparation of Compound 76-C and gave the title amide as a 
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dear oil (89% yield). ^HNMR 400 MHz (CeDe) 5 (ppm): 1.59 (3H, s, COCH3), 
456 (2H, s, NCH2), 6.04 (IH, broad s, aromatic), 6.71-6.98 (6H, m, aromatics). 
Anal, calcd for C15H12CI2FNO: C, 57.71; H, 3.87; N, 4.48. Found: C, 57.85; H, 
3.89; N, 4.49. 

5 

Compound 78-B: 3-f (3,4-I>ichloro-phenyl)-(4-fluoro-benzyl)-carbainoyl1-2- 
hydroxy-aoylic add methyl ester 




10 

N-(3,4-Didilorophenyl)-N-(4-fluorobenzyl)-acetainide was readed 
with dimethyl oxalate as described in the preparation of Compound 76-D 
and gave the title methyl ester as a dear oil (40% yield). ^HNMR 400 MHz 
(CDCI3) 5 (ppm): 3.84 (3H, s, OCH3), 4.90 (2H, s, NCH2), 5.69 (IH, s, CH), 6.83 
15 (IH, dd, J = 2.0 Hz and J = 8.5 Hz, aromatic), 7.02 (2H, m, aromatic), 7.19 (3H, 
nv aromatic), 7.47 (IH, d, J = 8.5 Hz, aromatic), 13.83 (IH, s, OH). 

Compoimd 78: 4-Hydroxy-l-methyl-5-oxo-2.5-dihydro-lH-pyrrole-3- 
carboxylic add (3,4-dichloro-phenyl)-(4-fluoro-benzyl)-amide 

20 




3-[(3,4-Dichlorophenyl)-(4-fluorobenzyl)-carbamoyl]-2-hydroxy- 
acrylic add methyl ester (Compoimd 78-B) was treated with 
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paieifbrmaldehyde zmd methylamine as described in the preparation of 
Compound 12 to give title title compound as a white solid (68% yield); mp 195 
°C, dec. iHNMR 400 MHz (CDCI3) 5 (ppm): 2.9 (3H, s, NCH3), 3.03 (2H, s, 
NCH2), 4.90 (2H, s, NCH2), 6.87 (IH, dd, J = 2.5 Hz and J = 8.6 Hz, aromatic), 
5 7.02 (2H, m, aromatics), 7.2 (2H, m, aromatics), 7.22 (IH, d J = 2.5 Hz, 

aromatic), 7.49 (IH, d, J = 8.6 Hz, aromatic), 11.9 (IH, broad, OH). Anal, calcd 
for C19H15CI2FN2O3: C, 55.76; H, 3.69; N, 6.84. Found: C, 55.53; H, 3.61; N, 
6.75. 

10 EXAMPLE 79 

Compoxmd 79-A: N-Benzyl-N-methyl-acetamide 




15 Compound 79-A was prepared using methods described in the 

previous examples. ^H NMR and ^ NMR show a mixture of rotamers at 
room temperatiire. ^H NMR (500 MHz, CDCI3) 5: 2.20 (s), 2.95 (s), 2.97 (s), 
4.56 (s), 4.62 (s), 7.19-7.41 (overlapping m). i3C NMR (125 MHz, CDCI3) 5: 
21.42, 21.80, 33.82, 35.58, 50.68, 54.29, 126.33, 127.41, 127.70, 128.07, 128.63, 

20 128.99, 136.46, 137.26, 170.88, 171.19. 

Compoxmd 79-B: 3-(Ben2yl-methyl-carbamoyl)-2-hydroxy-acrylic acid 
methyl ester 



O OH 



25 
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Compound 79-B was prepared using methods described in the 
previous examples. NMR shows a mixture of rotamers at room 
temperature. NMR (500 MHz, CDCI3) 5: 3.02 (s), 3.86 (s), 3.90 (s), 4.60 (s), 
4.66 (s), 631 (s), 6.34 (s), 7.18-7.40 (overlapping m). 

5 

Compotmd 79: 4-Hydroxy-l-methyl-5H)xo-23HiihydrO"lH-pyrr^ 
carboxylic acid benzyl-methyl-amide 

O OH 

10 

Compoimd 79 was prepared using methods described in the previous 
examples. HEMS (M-H) calcd for C14H15N2O3: 259.10827; found 259.1082, ^H 
NMR (500 MHz, CDCI3) 5: 3.03 (s, 3), 3.09 (s, 3), 4.15 (s, 2), 4.65 (s, 2), 7.23-7.37 
(m, 5). NMR (125 MHz, CDCI3) 5: 29.95, 34.67, 50.80, 52.28, 108.72, 127.38, 
15 127.86, 128.94, 136.12, 154.15, 165.10, 166.46. 

EXAMPLE 80 
Method for the preparation of compounds 80-724 

20 PL-BMP resin (4-formyl-3-methoxy-phenoxymethyl functionalized 

polystyrene), VII-l in Scheme Vn or similar aldehyde derivatized resin 
(approximately 40 mg, 0.048 meq.) was suspended in 2ml of anhydrous DMF, 
anhydrous trimethylorthoformate and acetic acid mixture in 7:3:1 ratio. To 
this mixture was added a primary amine, Vn-2 in scheme Vn, (0.72 nunol) 

25 followed by sodium triacetoxy borohydride (0.72 mmol). The resulting 

mixture was agitated for 72 h at room temperature using a shaker. The resin 
was fUtered, washed successively with PMF, THF and DCM, 3 X 2 ml each), 
dried and used as is in the next step. 
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10 



15 



20 



The resin (Vn-3 in Scheme VII) was suspended in anhydrous 
dichloromethane (ImL) and to this was added, 2,2-dimethyl-5- 
(carboxymethylene)-l,3-dioxalan-4-one (Compoxmd III-A) (16.5 mg, 0.096 
mmol), Pybop (50 mg, 0.096 mmol) and iPr2NEt (24.8 mg, 0.192 mmol). The 
resulting mixture was agitated for 48 h at room temperature using a shaker. 
Resin was filtered, washed successively (DMF, THF and DCM, 3 X 2 ml 
each), dried and used in the next step. 

Next the resin, Vn-4 in Scheme Vn, was suspended in 1ml anhydrous 
N-methyl-2-pyrrolidinone (NMP). To tihis mixture was added a preformed 
imine mixture (preformed by heating aldehyde (18 mg, 0.55 imnol), and 
amine (0.5mmol) and 0.25 ml metihanol, at 70 for 2h) and the resulting 
mixture was heated with agitation in a sealed container at VOSific for 72 h. 
Resin was filtered, washed successively with (DMF, DMF/MeOH (1:1), THF 
and DCM, 3 X 2 ml each), dried. 

The final product, Vn-6 in Scheme Vn, was cleaved from the resin by 
treating with 1.5 ml of l:lmixture of trifluoroacetic acid and dichloromethane 
for 1 h. TF A solution was filtered and the solvent was evaporated to give the 
required product. 

O 
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X3 


MSobsd 


LC 

RT(mm) 


573 








537.2 


1.69 


574 








564.8 


1.02 


575 




HgC s 


< 


479.2 


1.80 


576 


^ CI 




CH3 


548.6 


1.92 


577 






OH 

r H 

0 


500.0 


1.22 


578 


^ Cl 




0 


550.0 


1.56 


579 






/ 


445.2 


2.08 


580 


O 




A 


443.2 


1.43 


581 


"TP 

CI 






482.6 


1.56 



wo 2004/004657 



PCT/US2003/021371 



195 



Compd 


XI 


X2 


X3 


MSobsd 


LC 
RT(mm) 


582 


Br 




A 

^X3 


511.1 


1.05 


583 


o 






516.3 


1.10 


584 




F 


> 


546.7 


1.15 


585 




p 




513.0 


0.42 


586 




jp 




407.1 


1.26 


587 




F 


xr^^s 


419.1 


1.23 


588 


o 


f 

X, P-A 


xr'^a 


417.2 


1.32 


589 


CI 


X, P-~( 




457.1 


1.45 


590 








471.4 


1.39 
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Compd 


XI 


X2 


X3 


MSobsd 


LC 
RT(mm) 


591 




F 
/ 




433.4 


1.27 


592 


o 






431^ 


1.44 


593 


CI 

cr ^ 




CK 


471.1 


1.43 


594 


CI ^ 


F 


OL 


501.1 


1.41 


595 




F 


OL 


451.1 


1.26 


596 




OC 


s 

O-CH, 


461.2 


1.39 


597 


cr ^ 


F 

/ 




501.2 


1.42 


598 


"■His 


X 0— ( 


y 


489.0 


1.29 


599 


cr ^ 






611.6 


1.19 
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Compd 


XI 


X2 


X3 


MSobsd 


LC 
RT(mm) 


600 




F 




564.1 


1.18 


601 




F 




576.2 


1.17 


602 






0 


574.2 


1.25 


603 


CI 

cr ^ 


F 

cr 


r HO 


614.1 


1.31 


604 


T Br 


/a 
F 




642.2 


1.20 


605 


cr ^ 


F 




583.1 


1.10 


606 




F 




533.2 


1.00 


607 




Y 


Y 


543.3 


1.02 


608 






CH3 


475.2 


1.41 
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Ccnxipd 


XI 


X2 


X3 


MSobsd 


LC 
RT(nun) 


609 


CI 

CI ^ 


^' 






515.1 


1.42 


610 




F 




4472 


1.31 


611 


P 






459.2 


1.53 

> 


612 








457.2 


1.46 


613 


V 

CI 






496.6 


1.67 


614 




F 


)^>'*\^CH, 
H3C 


489.0 


1.33 


615 


CI 


F 




VNH, 
0 


528.0 


1.51 


616 




F 




VNH, 
0 


478.0 


1.22 


617 


^ CI 


X2-H 




414.0 


1.10 
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Compd 


XI 


X2 


X3 


MSobsd 


LC 
RT(min) 


618 


CI 

^ CI 


X2-H 


Q 

H3C 


456.1 


1.39 


619 


P-CH3 

p 


X2-H 




335.1 


1.15 


620 




X2-H 


(° 

H3C ^ 


373.1 


1.33 


621 


^ CI 


X2-H 




329.0 


1.26 


622 




X2-H 




279.1 


1.13 


623 


p 


X2-H 


H C >Xi 


291.1 


1.11 


624 


^ CI 


X2-H 




329.0 


1.33 


625 




X2-H 




323.1 


1.14 


626 




X2-H 


V-o 

CH3 


333.1 


1.20 


627 




X2-H 




305.1 


1.23 



wo 2004/004657 



PCTAJS2003/021371 



200 



Compd 


XI 


X2 


X3 


MS obsd 


LC 
RT(inin) 


628 


a 






447.1 


1.49 


629 


CI 
CI 


If 




447.1 


155 


630 








470.1 


1.11 


631 






oO 


482.1 


1.06 

• 


632 




CH3 


0 


480.1 


1.14 


633 


^ CI 




H3C 


562.2 


150 


634 






H3C 


512.2 


1.40 


635 








524.2 


1.37 


636 






H3C 


441.2 


1.33 


637 








465.1 


1.44 
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Compd 


XI 


X2 


X3 


MSobsd 


LC 

RT(min) 


638 


^ CI 


OH 
0=/ 




564.0 


1.18 


639 




HO-^O 




4832 


1.32 


640 


^ CI 






537.1 


1.38 


641 


CI 

^ a 






537.1 


1.50 


642 


-V^CI 
^ CI 


OH 


? 


591.1 


1.09 


643 




OH 
0=^ 


? 


541.1 


1.00 


644 








553.2 


0.99 


645 








551.2 


1.07 


646 








523.1 


1.37 
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Y1 


X2 


X3 


MSobsd 


LC 

RT(min) 


647 


Vi/I 






534.1 


1.23 


648 


P 






4962 


1.13 












649 








4942 


1.17 






°V-CH3 








650 


^ CI 


V/ 




534.1 


1.25 


651 


• 






526.2 


1.45 


652 






y 

W /-CH3 


5363 


1.52 


653 


^ CI 






493.1 


1.59 


654 






^0 
H,C^>^ 


4432 


1.42 


655 


^^^^ 






423.1 


1.25 


656 


CI 


Q 




534.0 


1.16 
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Compd 


XI 


X2 


X3 


MSobsd 


LC 
RT(min) 


657 




OH 


0 


494.2 


1.14 


658 


^ CI 


( 






534.0 


1.16 


659 




0' 


? 

OH 




397.1 


1.21 


660 






. 

OH 




429.1 


1.25 


661 






0 


O-CH3 


441.1 


1.25 


662 




OH 


0-CH3 


439.2 


1.33 


663 


CI 


6 


OH 


H3C 


479.1 


1.38 


664 






H,C 


511.1 


1.00 


665 


^ CI 




OH 




493.1 


1.41 
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Compd 


XI 


X2 


X3 


MSobsd 


LC 
RT(iiun) 


666 




Xa 


A 


437.2 


1.34 


667 


CI 


F 


r 


485.1 


1.58 


668 


CP" 


F 




447.1 


1.38 


» 

669 


cr ^ 






558.0 


1.20 


670 






F 


CH-' 
Xf^CHj 


467,2 


1.47 


671 


a. 


F 




X3 


449.1 


1.52 


671 




H3C 


-CH3 


0 


430.2 


1.16 


673 




H3C 


'CH3 


f 


474.3 


1.38 


674 




>CH3 
H3C 




512.2 


1.64 


675 




/ 




4041 


1.05 
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Compd 


XI 


X2 


X3 


MSobsd 


LC 
RT(mm) 


676 


xy 

CI 


/ 




4541 


1.12 


677 






O 


446.2 


1.32 


678 






o 


458.2 


1.30 


679 






O 


456.2 


1.36 


680 


CI 




0 


496.1 


1.47 


681 






o 

CH3 


373 2 


1 36 


682 




/ 




305.1 


1.22 


683 




/ 


CH3 


369.1 


1.40 


684 








319.1 


1.28 


685 








331.1 


1.25 


686 


Br. X, 






397.1 


1.35 


687 

.. 


CL X, 






427.1 


1.45 
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Compd 


XI 


X2 


X3 


MSobsd 


LC 
RKmin) 


688 




/ 




389.1 


128 


689 


civ X, 






413.1 


1.36 


690 








375.1 


124 


691 


CL X, 

1 

CI 






395.1 


1.55 


692 








473.1 


1.59 


693 








435.2 


1.40 


. 694 


CI 
CI 






473.1 


1.61 


695 




^^^^^^ 




496.1 


1.12 


696 




0^ 


0 


508.2 


1.15 


697 


^ CI 




^^^^^^^ 


546.1 


1.28 


698 


^Cl 




H3C 


588,1 


1.60 
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Compd 


XI 


X2 


X3 


MSobsd 


LC 

RT(min) 


699 


O-CHa 
W 


o 


0 


550.3 


1.43 


700 


^ CI 


LI 


H,C 

HsC^X, 


505.1 


1.62 


701 






o 


455.2 


1.43 


702 


^ CI 




0 


573.1 


1.11 


703 


CI 






523.1 


1.71 


704 


CI 
CI 




A 

\ 

9 


523.1 


1.76 


705 


^ CI 


o 


r 


596.1 


1.30 


706 




o 




546.1 


1.19 


707 




Co 


Q 


558.3 


1.19 
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Compd 


XI 


X2 


X3 


MSobsd 


LC 

RT(min) 


708 


CI 




Q 


638^ 


1.76 


709 


P 




CH3 


517^ 


1.52 


710 


CI 

^ a 




1-1 P 


555.1 


1.81 


711 


^ CI 




^^^^^^^^ 


534.0 


1.19 


712 




0^ 


0 


494.1 


1.15 


713 








534.0 


1.18 


714 






W /-CH, 

r 


538.2 


1.31 


715 




.is 


H3C 


453.2 


1.44 


716 




or 


H3C ^ 


493.1 


1.49 
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Compd 


XI 


X2 


X3 


MSobsd 


LC 
RT(min) 


717 


CI 

^ CI 






435.1 


1.42 


718 


^ CI 






493.1 


1.43 


719 


^ CI 


H3C+S V 






578.1 


1.33 


720 




pis 

H,C+S V 






528.1 


1.24 


721 


of ^ 


F 




556.0 


1.24 


711 




F 




560.2 


1.44 


723 




F 




583.1 


1.13 


714. 








497.1 


1.67 
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EXAMPLES! 



Method for the preparation of compoimds 725-746 

Compounds 81-A to 81-V were synthesized from [[2-(2^-dimethyl-5- 
5 oxo-[13]dioxolan-4-ylidene)-acetyll-(4rfluorobenzyl)-aminooxy]-acetic add 
according to Scheme VLI. Amines Vni-3 ( 0.165 mmol) in 1,2-dichloroethane 
(1 ml) were treated at 5 °C with 2-(2-pyridyl)ethyl functionalized silica gel 
(0.38 imnol) followed by a solution of [[2-(2,2-dimethyl-5-oxo-[l,3]-dioxolan- 
4-ylidene)-acetyl]-(4-fluorobenzyl)-aminooxy]-acetyl chloride, VIII-2, (0.165 
10 mmol) in i;2-dichloroethane (1 ml). After one hour at 25 the reaction 
mixtures were filtered and purified on a Shimadzu automated preparative 
HPLC system (column Waters X Terra C-8, 5 , 19 x 100 mm, elution HbO 5 
mM NH4OAC - acetonitrile). The collected compotinds were analysed using 
the following LC/MS conditions. 



15 



Column: 



X Terra 5\i C-8, 4.6 x 30 mm 

Solvent A: 10 % CH3CN - 90 % H20 , 5mM NH4OAC 
Solvent B: 90 % CH3CN - 10 % H20 , 5mM NH4OAC 
100 % solvent A / 0 % solvents to 0 % solvent A / 100 % 



Solvent: 



Gradient: 



20 



solvent B 



Gradient time: 2 minutes, hold time 1 minute. 



How rate: 



4ml/min. 



25 



Detector wavelenghfc 220 nm. 
Spectrometry (MS) data were determined with a Micromass ZMD 
Platform TSQ 7000 LC/MS in positive electrospray mode. 
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N 

I 

O 



o V> 



p 

b 



1 



Compound 


Xi 


HPLC 
Retention time 
(min) 


MS Data 
(M+H)+ 


81-A 


N 


134 


423 


81-B 




1.95 


602 








81-C 


1 


1.69 


457 


ol-U 




1.68 


461 


81-E 




1.75 


477 


81-F 




• 

1.64 


473 


81-G 




1 71 


AS? 


81-H 




1.79 


511 


81-1 




1.72 


475 


81-J 




2.08 


643 








81-K 




1.87 


499 


81-L 




1.72 


449 
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81-M 


M 

A 


1.53 


451 


81-N 


OCHs' 


1.48 


455 






1.81 


465 


OX'x 




2.08 


521 


81-Q 


' 0 


153 


453 


81-R 




1.47 


472 


81-S 


1 


1.49 


469 


81-T 


O 


1.31 


478 


81-U 


H 


1.43 


381 


81-V 




1.59 


409 



According to the method illustrated in Scheme VTII, the dioxolanes 81- 
A to 81-V, Vni-4 in the scheme, (approximately 0.06 mmol ) were treated 
with a solution of formaldehyde-methyl amine adduct (0.12 mmol) in 
5 methanol (1 ml) as described in the preparation of Compound 44 (Method 
44B) and the resulting mixtures were heated at 50 for 45 miru The reaction 
mixture was then diluted with acetonitrile (1 ml) and purified on a Shimadzu 
automated preparative HPLC system (column Waters X Terra C-8, 5 , 19 x 
100 mm, elution water 0.05 % TFA - acetonitrile ). The collected compoimds 
10 were analysed using the following LC/MS conditions. 

Column: X Terra 5ji C-8, 4.6 x 30 mm 
Solvent: Solvent A: 10 % CH3CN - 90 % H20 , 0,05 % IPA 

Solvent B: 90 % CH3CN - 10 % H20 , 0.05 % TFA 
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Gradient 100 % solvent A / 0 % solvent B to 0 % solvent A / 100 % 

solvent B 

Gradient time: 2 minutes, hold tune 1 minute. 
Flow rate: 4 ml/min. 
5 Detector wavelenght: 220 run. 

Spectrometry (MS) data were determined with a Micromass ZMD 
Platform TSQ 7000 LC/MS in positive electrospray mode. 



10 




Compound 


XI 


HPLC 
Retention time 
(min) 


MS Data 
(M+H)+ 


725 


0 

^0 


1.12 


408 


726 




1.77 


587 


727 




1.48 


442 


728 




1.47 


446 


729 




1.54 


462 


730 




1.43 


458 


731 




1.51 


442 


732 




1.60 


496 
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Compoxind 


XI 


HPLC 
Retention time 
(min) 


MS Data 
(M+H)* 


733 




1.52 


460 


734 


Ct 


1.93 


628 


735 




1.68 


484 




1 


1.51 


434 


737 


A 


1.27 


436 


738 


OCH3' 


1.23 


440 


739 




1.62 


450 


740 




1.93 


506 


741 


' 0 


1.29 


438 






0.98 


457 






1.26 


454 


744 


0 


1.11 


463 


745 


H 


1.16 


366 


746 




1.35 


394 
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EXAMPLE 82 

i 

Method for the preparation of compounds 747-750 

The general method for the synthesis of compounds 747-750 is 
outlined in Scheme X. 

5 

Compoimd 82-A: l-(22-Dimethoxy-ethyl)-4-hydioxy-5K)xo-23-^^ 
pyrrole-S-carboxylic add (3/4-dichloro-benzyl)-methyl-amide 



HO 




10 

To a solution of 2-aminoacetaldehyde dimethylacetal (0.526 g mL, 5.0 
mmol) and paraformaldehyde 90.15g, 5 mmol) in MeOH (10 mL) at 55 
was added N-(3/4-dicWorcHberizyl)-2-(2,2-dimethyI-5-oxO'[13]dioxolan-4- 
ylidene)-N-methyl-acetamide (1.715 g, 5.0 mmol). After 45 min, the reaction 

15 mixture was cooled and ptirified by preparative HPLC on a C18 reverse 
phase column using acetonitrile (40-50%) /water (0.1% TFA) as eluent. The 
fractions containing the desired product were combined, concentrated and 
lyophilized to yield the tide compoimd as an amber oil (0.68g, 34% yield). 
NMR (300 MHz, CDCI3) 5: 10.81 (bs, IH), 7.42 (d, IH, /=8.1), 7.35 (d, IH, 

20 7=1.8), 7.10 (dd, IH, /=8.1, J=1.8), 4.59 (s, 2H), 4.47 (t, IH, /=5.1), 4.27 (s, 2H), 
3.59 (d, 2H, 7=5.1), 3.38 (s, 6H), 3.02 (s, 3H). HRMS (M+Na) calcd for 
Ci7H2oN2Cl205Na: 425.0647; found: 425.0647. 
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Compoimd 747: 4-Hydroxy-5-oxo-l-f2-(4-pyridin-4-yl-piperazine"l"yl)^ 
ethyll-23-dihydro-lH-pyrrQle-3-carboxylic add (3.4-<iichloro-benzyl)-methyl- 
amide 



A solution of l-(2,2-dimethoxy-^thyl)-4-hydroxy-5-oxo-2^-dihydro- 
IH-pyrrole-S-carboxylic add (3,4-didiloro-baizyl)-methyl-amide (0.29 g, 0.71 
mmol) in acetonitrile/water (10 mL, 2.5:1) was stirred with trifluoroacetic 

10 add (ImL) overnight at room temp. The mixture was concentrated then 
dissolved in MeOH (3 mL). l-(4-p)nidyl)-piperazine (0.42 g, 2.6 mmol) was 
added and tihe resulting mixture was stirred at room temp 30 min. Sodium 
cyanoborohydride (0.013 g, 0.2 mmol) was added and the mixture was stirred 
an additional 5 h at room temp. The crude product was purified by 

15 preparative HPLC (YMC Combiprep ODS-A, 30mm x 50mm, 

MeOH/H2O/0.1% TFA) to yield the title compound as an amber foam 
(0.0042 g, 12% yield). HRMS (M+H) calcd for CaiHasNsCkOa: 504.15693; 
found: 504.1564, 



5 
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Compoiind 748: l-{2-[4-f4-HuorQ-phenyl)piperazine-l"yl1-ethyl}4-hy(^^ 
5-oxo-23-<iihydro-lH-pyrrole"3-carboxylic add (3.4-dicMor<>benzyl)-inethyl- 
amide 




5 F 

Compoxind 748 was prepared from l-(2^-<iimethoxy-ethyl)-4- 
hydroxy-5-oxo-2^-dihydro-lH-p)n:role-3-carboxylic add (3,4-didiloro- 
benzyl)-methyl-amide and l-(4-fluoro-phenyl)-piperazine using the method 
10 described for compoxmd 747. The title compound was isolated as an amber 
foam (0.009 g, 25% yield). HRMS (M+H) calcd for C24H28N4CI2O3F: 
521.15226; found: 521.1531. 
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Compound 749: l"r2-(4-Benzori31ciioxol-5-vlmethvl-piperaziB-l"yD-ethy 
hydroxy-5K)XO-23Kiihyciro-lH-pyiTole"3 add (3.4-dichlorO' 

benzyD-methyl-amide 



5 




Compotind 749 was prepared from l-(2,2-dimethoxy-ethyl)-4- 
hydroxy-5-oxo-2^-dihydro-lH-pyrrole-3-carboxylic acid (3,4-dichloro- 
benzyl)-mei3iyl-amide and l-benzo[l^]dioxol-5-ylmethyl-pipera2ine using 
10 the method described for compound 747. The title compotmd was isolated as 
a white soHd (0.0068 g, 17% yield). HRMS (M+H) calcd for C27H31N4CI2O5: 
561.16716; found: 561.1674. 

Compoimd 750: l-r2-(2.6-Dimethyl-morpholin-4-yI)-ethyll-4-hydroxy--5-oxO' 
15 23-dihydrO'lH-'pyrrole-3-carboxyIic add (3,4-dichloro-benzyl)-methyl-amide 
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Coinpound 750 was prepared from l-(2^-<iimethoxy-ethyl)'4- 
hydroxy-5<)xo-2^-dihydro-lH-pyrrole-3-carboxylic acid (3,4-dichloro- 
benzyl)-methyl-ainide and 2,6-ciimethyl-morpholme using the method 
described for compound 747. The tide compound was isolated as a pale 
5 yeUow powder (0.014 g, 14% yield). HRMS (M+H) calcd for C21H28N3CI2O4: 
45614570; found: 456.1472. 

EXAMPLE 83 
Method for the preparation of compounds 751-758 
10 The general method for the synthesis of compounds 751-758 is 

outlined in Scheme XI. 

Compoimd 751: l-(3-Dimethylcarbamoyl-propyl)-4-hydroxy-5-oxo-2^- 
dihydrO"ltf-pyrrole-3-carboxylic add (3.4-dichloro-benzyl)-methyl-ainide 

15 




To a solution of 4-{4-[(3,4-dichloro-benzyl)-methyl-carbamoyl]-3- 
hydroxy-2-oxo-2^-dihydro-pyrroH-yl}-butyric add. Compound 24, (0.06 g, 
20 0.15 nunol) in dichloromethane (1 mL) was added EDC (0.057 g, 0.3 mmol), 
HOBT (0.0020 g, 0.015 mmol) and dimethyl amine (0.15 mL, 2 M solution in 
THF, 0.30 mmol). The mixture was stirred at room temp for 6 h then 
concentrated and the crude product purified by preparative HPLC (YMC 
Combiprep ODS-A, 30mm x 50mm, MeOH/H2O/0.1% TFA) to yield the title 
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compoimd as an amber oil (0.0147 g, 23% yield). HKMS (M+H) calcd for 
Ci9K>4N3Cl204: 428.11440; found: 428.1143. 

Compound 752: 4"Hydroxy>l-(4-morpholin-4-yl-4K)xo-butvl)K)xO"2^ 
5 dihydro-lH-pyTTole-S-carboxylic add (3.4-dichloro-benzyl)-methyl-amide 



Compound 752 was prepared from 4-{4-[(3,4-dichloro-benzyl)-methyl- 



10 carbamoyll-3-hydroxy-2-oxo-2^-dihydro-pyrroH-yl}-butyric acid and 
morpholine using the method described for compound 751. The title 
compoxmd was isolated as an amber oil (0.0148 g, 21% yield). HRMS (M+H) 
calcd for C21H26N3CI2O5: 470.12496; found: 4701256. 




1 
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Compound 753: 4rHydroxy"l-r4-f4-methyl-piperazin-l-yl)-4K)xcHbu^^^ 
oxo-2^-dihydro-lH-pyrrole-3-carboxylic add (3.4-dichloro-benzyl)-iriethyl- 
amide 



Compovmd 753 was prepared from 4-{4-[(34-<iichloro-benzyl)-methyl-- 
(:arbamoyl]-3-hydroxy-2-oxo-2^-dihydro-pyrrol-l-yl}-but^ acid and 4- 
methyl-piperazine using the method described for compound 751, The title 
10 compound was isolated as a white powder (0.0508 g, 42% yield). HRMS 
(M+H) calcd for C22H29N4CI2O4: 483.1566; found: 483.1581. 

Compoimd 754: 4'Hydroxy-l-(3-methylcarbamoyl-propyl)-5"Oxo-2^- 
dihydro-lH-pyrrole-3-carboxylic add (3.4-dichloro-benzyl)-methyl-amide 




5 



15 




NH 



Compoimd 754 was prepared from 4-(4-[(3,4-dichloro-benzyl)-methyl- 
carbamoyl]-3-hydroxy-2-oxo-2,5-dihydro-pyrrol-l-yl}-butyric add and 
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methylamine using the method described for compoimd 751. The title 
compound was isolated as a white powder (0.0192 g, 18% yield). HRMS 
(M+H) calcd for C18H22N3CI2O4: 414.09875; found: 414.0969. 

5 Compoimd 755: 4-Hydroxy4-(4-methanesiilfonylamino-4<)xo-butyl)-5-oxo- 
2,5-dihydro-lH-pyrrole-3-caiboxylic acid (3,4-dichloro-benzylVinethyl-aiiude 




0,3 
\ 



10 Compoiind 755 was prepared from 4-{4-[(3,4-dichloro-benzyl)-methyl- 

carbainoyl]-3-hydroxy-2-oxo-2>dihydxo-pyTrol-l-yl}-butyric add and 
methane sulfonamide using the method described for compound 751. The 
title compotmd was purified by preparative HPLC (C18, ODS-A, S-75|im, 
30%-40% acetonitrile/water/0.5%TFA) and isolated as a white powder 

15 (0.0158 g, 13% yield). HRMS (M-H) calcd for CisHzoNsChOeS: 476.04499; 
foimd: 476.0431. 
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Compoimd 756: l-[4-(3^>Dimethyl-isoxazole-4-sulfony 
4-hydjoxy-5HDxo-2^Kiihvdro-lH-pyrrole-3-<^ add (3.4-dichloro- 

benzyD-methyl-amide 



5 




Compoimd 756 was prepared from 4-{4-[(3,4-dichloro-beiizyl)-methyl- 
carbamoyl]-3-hydroxy-2K)xo-2^-dihydro-pyn:ol-l-yl}-butyri add and 3^- 
dimethyl-isoxazole-4-sulf onic add amide using the method described for 
10 compound 751. The title compound was purified by preparative HPLC (C18, 
ODS-A, S-75nm, 40% acetonitrile/ water/0.5%TFA) and isolated as a white 
powder (0.0296 g, 21% yield). HRMS (M-H) calcd for C22H23N4CI2O7S: 
557.06645; found: 557.0663. 

15 Compound 757: 4-Hydroxy-5-oxo-l-f4r-oxo-4'Q"phenyl- 

cydopropanesulfonylarnino)-butylV2^"dihydro-lH-pyrrole-3-carboxy add 
(3.4-dichloro-benzyl)-methyl-amide 
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Compound 757 was prepared from 4-{4-[(3,4-dichloro-beazyl)-mett\yl- 
carbamoyll-3-hydroxy-2<)xo-2^Kiihydro-pyTrol-l-yl}-but^ add and 1- 
phenyl-cyclopropanesulf onic add amide using the method described for 
compound 751. The title compound was purified by preparative HPLC (C18, 
5 ODS-A, S-75fim, 50% acetonitrile/ water/ 0.5%TFA) and isolated as a white 
powder (0.0026 g, 3% yield). HRMS (M-H) calcd for C26H30N3CI2O6S: 
582.12324; found: 582.1215. 

. Compoimd 758: 4-Hvdroxv-l-(2-morpholin-4-yl-2-oxo-ethylV5-oxo-23- 
10 dihydro-lH-pvrrole-3^arboxvlic add (3.4<lichloro-benzvlVmethvl-amide 



CI »^ OH 

0 

Compoimd 758 was prepared from {4r[(3,4rdichloro-benzyl)-methyl- 
15 carbamoyl]-3-hydroxy-2-oxo-2^-dihydro-pyrrol-l-yl}-acetic add, Compound 
20, and morpholine using the method described for compoimd 751. The title 
compoimd was isolated as a white powder (0.0088 g, 20% yield), HRMS 
(M+H) calcd for Ci9H22N3Ck05: 442.09366; found: 442.0951. 



20 EXAMPLE 84 

Mettiod for the preparation of compounds 759-765 

The general method for the syntitiesis of compoimds 759-765 is 
outlined in Scheme Xn. 
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Compound 84-A: 4-Hydroxy-5K)XQ-l-(2-piperazin-l-yl-ethyl)'2^-dih 
IH-pyrrole-S-carboxylic add (3.4KiicMoro-beiizyl)-methyl-amide 




H 

.5 

Compoimd 84-A was prepared from N-(3,4-^chloro-benzyl)-2-(2,2- 
dimethyl-5K)xo-[l^]dioxolan-4-yHdene)-N-metliyl-acetamide and 2- 
piperazin-l-yl-ethylamine using the method described for compound 37. The 
tide compound was isolated as a white solid (0.183 g, 86% yield). HRMS 
10 (M+H) calcd for C19H25N3CI2O4: 427.13038; found: 427.1307. 

Compound 759: l-f2-(4-Benzoyl-piperazin-l-yl)-ethyll-4-hydroxy-5-oxo-23- 
dihydro-lFf-pyrrole-'3-carboxylic acid (3.4-dichloro-benzylVmethyl-amide 



15 




To a solution of benzoyl chloride (0.023 mL, 0.23 mmol) in 
dichloromethane (ImL) cooled to 0 °C was added dropwise a solution of 4r 
hydroxy-5-oxo-l-(2-piperazin-l-yl'^thyl)-2^-dihydro-lH-p)aTol^^^ 
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carboxylic add (3,4Kiichloro-beru2yl)-methyl-arnide (O.lOg, 0.20 mmol) in 
pyridine/dichloromethane (4 mL, 1:1). The resulting mixture was stirred at 
room temp 18 h and quenched with IN HQ. The organic phase was washed 
with IN HCl (3 times). The aqueous washings were combined and purified 
5 by preparative HPLC (C18, ODS-A, S-ZS^m, 30% 

acetonitrile/ water/0.5%TFA) to give the title compotind as a white powder 
(0.0215 g, 20% yield). HRMS (M+H) calcd f or C26H29N4CI2O4: 531.1566; 
fotmd: 531.1563. 

10 Compound 760: l-{2"r4-(4-Fluoro-benzoyl)-piperazin-l-yll-ethyl}-4-hydroxy~ 
5-oxo-23Kiihydro-lH-pyrrole-3-carboxylic add (3.4'dichloro-benzyl)-methyl- 
amide 




15 

Compoimd 760 was prepared from 4-hydroxy-5-oxo-l-(2-piperazin-l- 
yl-ethyl)-2><iihydro-lH-pyTrole-3-carboxylic add (3,4-dichloro-benzyl)- 
methyl-amide and 4-fluoro-benzoyl chloride using the method described for 
compoimd 759. The title compound was purified by preparative HPLC (C18, 
20 ODS-A, S-75(im, 30% acetonitrile/water/0.5%TFA) and isolated as a white 
powder (0.0098 g, 2% yield). HRMS (M-H) calcd for C26H26N4a204F: 
547.13151; found: 547.1310. 
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Compound 761: 4-Hydroxy-l-{2-r4-(4-methyl-beiizoyl)-pipera2dn-l"yl]- 
ethyl}-5-oxo-23--dihydro-lH-pyrrole-3 carboxylic add (3,4-dichloro-benxyl)- 
methyl-amide 



Compound 761 was prepared from 4-hydroxy-5H>xo-l-(2-piperazin-l- 
yl-ethyl)-2,5-dihydro-lH-pyxrole-3-carboxylic add (3,4-dichloro-benzyl)- 
methyl-amide and 4-methyl-benzoyl chloride using the method described for 
10 compound 759. Hie titie compotind was purified by preparative HPLC (C18, 
ODS-A, S-75Min, 30%-40% acetoiutrile/ water /0.5%TFA) and isolated as a 
white powder (0.0210 g, 17% yield). HRMS (M+H) calcd for C27H31N4CI2O4: 
545.17225; found: 545.1720. 



5 
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Compoimd 762: 4-Hydroxy-5«oxo-1^2-r4"(pyridine-2"Carbonyl)-piperazm^ 
yl1-ethyl}-23-dihydrQ-lH-pyrrole-3K:arboxylLC add (3,4rciichloro-benzyl)- 
methyl-anude 



5 




Compound 762 was prepared from 4-hydroxy-5-oxo-l-(2-piperazin-l- 
yl-ethyl)-2^dihydro-lH-p)m:ole-3-carboxylic acid (3,4-dichloro-ben2yl)- 
methyl-amide and p)mdine-2-carbonyl chloride using the method described 
10 for compound 759. The title compound was purified by preparative HPLC 
(C18, ODS-A, S-75\xm, 10%-20%-30% acetoiutrile/water/0.5%HCl) and 
isolated as a brown solid (0.0476 g> 39% yield). HRMS (M+H) calcd for 
C25H28N4CI2O5: 532.15184; found: 532.1514. 
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Compound 763: 4-HydrQxy-l-(2-r4'(isoxazole-5K!arbonyl)-piperazin-l-yl^ 
ethyll-5K>xo-23-dihydro-lH-pyrrole-3-carboxylic add (3>4-dichlora-beiizvl)" 
methyl-amide 



Compound 763 was prepared from 4-hydroxy-5-oxo-l-(2-piperazin-l- 
yl-ethyl)-2,5-dihydro-lH-'pyrrole-3-carboxylic acid (3,4-dichloro-benzyl)- 
methyl-amide and isoxazole-5-carbonyl chloride using the method described 
10 for compound 759. The title compound was purified by preparative HPLC 
(C18, ODS-A, S-75pm, 10%-20%-30% acetomtrile/water/0.5%HCl) and 
isolated as a brown solid (0.0268 g, 22% yield). HEMS (M+H) calcd for 
C23H26N5CI2O5: 522.13111; found: 522.1312. 



5 
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Compoimd 764: 4-Hydroxy-l-r2-(4-me1hanesuLfonyl-pipera2in-l-yl)-^ 
oxo-2^-dihydro-lH"pyrrole-3-carboxylic add (3,4'dichlorO"baizyl)-methyl- 
amide 



5 




Compoxind 764 was prepared from 4-hydroxy-5-oxo-l-(2-piperazm-l- 
yl"ethyl)-2^-dihydro-lH-pyrrole-3<arboxylic add (3,4-didiloro-benzyl)- 
methyl-amide and methanesulfonyl diloride xising the method described for 
10 compoimd 759. The tide compoimd was purified by preparative HPLC (C18, 
ODS-A, S-75Mm, 10%-20%-30% acetonitrile/water/0.5%HCl) and isolated as 
a brown solid (0.0140 g, 12% yield). HRMS (M+H) calcd for C20H27N4CI2O5S: 
505.10793; found: 505.1095. 
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Compound 765: l-r2-f4rDimethylsulfamoyl-piperazm-l 
5-oxo-2^"dihydro-lH-pvrrole-3<arbQxylic add (3.4KUcMorO"benzyI)--methyl-- 
amide 



5 




Compound 765 was prepared from 4-hydroxy-5-oxo-l-(2-piperazin-l- 
yl-ethyl)-2^-dihydro-lH-pyrrole-3-carboxylic acid (3,4-dichloro-benzyl)- 
methyl-amide and dimethylsulfeimoyl chloride using the method described 
10 for compound 759. The title compound was purified by preparative HPLC 
(C18, ODS-A, S-75Mm, 30% acetonitrile/water/0.5%HCl) and isolated as a 
brown soUd (0.0231 19% yield). HRMS (M+H) calcd for C21H30N5CI2O5S: 
534.13448; found: 534.1322. 

15 EXAMPLE 85 

Compoxmd 766: 4'Hydroxy-5-oxo-l-r2-(4"Oxy-morpholin'4-yl)'ethyll-2>5- 
dihydro-lH-pyrrole-3-carboxylic acid (3.4-dichloro-benzylVmethyl-amide 
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To a solution of 4-hydroxy-l-(2-morpholin-4-yl-ethyl)-5'K)xo-2,5- 
dihydro-lH-pyrrole-3-carboxylic add (3,4-dicMoro-beiizyl)-methyl-anude 
(0,069 g, 0.16 mmol) in dichloromethane (1 mL), was added meta-chloro- 
peroxy-benzoic add (MCPBA) (0.036 g, 0.21 mmol). The mixture was stirred 
5 for 24 h then concentrated. Purification using preparative HPLC (C18, ODS- 
A, 8-75^111/ 30% acetonitrile/water/0.5%HCl) gave the title compoimd as a 
white soUd (0.03 g, 94% yield). HRMS (M+H) calcd for C19H24N3CI2O5: 
444.10931; found: 444.1073. 



10 EXAMPLE 86 

Method for the preparation of compounds 767-777 

The general method for the preparation of compoimds 767-777 is 
outlined in Scheme XDI. 



15 Compound 86-A: 2-Methyleneamino-ethanol 



^ ^OH 

2-Aminoethanol (0.061 g, 1.0 mmol) and paraformaldehyde (0.03 g, 1.0 
20 nunol) were stirred in methanol (10 mL) at 55"* C until the solids dissolved 
(approximately 20 min). The solution was cooled and used without further 
purification 
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Compoimd 767: 4-Hydroxy'l-(2-hyclroxy-ethyl)"5-oxo-23 dihydro-lH- 
pyrrole-3-carboxylic add (3.4KHcMoro-beiizylVme1hyl"ainide 




OH 

5 

To a solution of 2-methyleneamino-ethanol (1 mL, 0.1 mmol) in MeOH 
(1 mL) was added N-(3/4-dichloro-benzyl)-2-(2,2-dimethyl-5-oxo- 
[13]dioxolan-4-ylidene)-N-methyl-acetamide (0.036 g, 0.1 mmol). The 
mixture was stirred at 55° C for 1 h, cooled and purified by preparative 
10 HPLC (YMC Combiprep ODS-A, 30mm x 50mm, MeOH/H2O/0.1% TFA). 
The title compoimd was isolated as a white foam (0.018 g, 49% yield). HRMS 
(M-H) calcd for C15H15N2CI2O4: 357.04089; found: 357.0396. 

Compound 768: 4-Hvdroxv-141-hvdroxvmethvl"2-(ltf-indol'3-vl)-ethyl1-5- 
15 oxo-2^-dihydro-lH-pyrrole-3-carbQxylic acid (3.4-dichloro-benzyl)-methyl- 
amide 




20 Compoimd 768 was prepared from N-(3,4-dichloro-benzyl)-2-(2,2- 

dimethyl-5HDxo-[l/3]dioxolan-4-ylidene)-N-methyl-acetainide, 
paraformaldehyde and 2-amino-3-(lH-indol-3-yl)-propan-l-ol according to 
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the procedttres described for compound 86-A and compound 767. The title 
compound was isolated as a yellow solid (0.0038 g, 8% yield). ^HNMR (300 
MHz, CDCI3) 6: 7.52 (IH, d, J = 8.05 Hz), 7.36-7.29 (3H, m), 7.14-6.98 (4H, m), 
4.46 (2H, s), 4.40-4.36 (IH, m), 3.99 (2H, s), 3.81-3.78 (2H, m), 3.11-3.08 (3H, 
5 m), 2.85 (3H, s). 

Compoimds 769-777 

As illustrated in Scheme Xn, compounds 769-777 were prepared from 
N-(3,4KiicUoro-benzyl)-2-(2,2-dimethyl-5K>xo-[l,31dioxolan-4-ylidene)-N- 
10 methyl-acetamide, paraformaldehyde and an amine, 1-7, according to the 
procedures described for compound 86-A and compound 767. 



Compound 


XI 


LC/MS 
Retention time 
(min) 


MScalcd 
(M + H) 


MS found 


769 


Q 

OH 


1^ 


451.3 


433.3 


770 




1.4 


373.2 


373.3 


771 




1.6 


401.3 


401.3 


772 


HOT 


1.4 


389.2 


3893 


773 


cc 


1.6 


413.3 


4133 


774c 




1.4 


417.3 


4173 
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775 




1.4 


373.2 


373.3 


776 




1.3 


3892 


389.3 


777 




1.4 


373.2 


373.3 



EXAMPLE 87 
Method for the preparation of compounds 778-781 



5 Compound 87-A: 2-(22-Dimethyl-5K>xo-fl31dioxolan-4-ylidene)-N-methyl- 
N-naphthalen-l-ylmethyl-acetainide 




10 Reaction of (2,2-dimethyl-5-oxo-[l,3]dioxolan-4-ylidene)-acetyl 

chloride with methyl-riaphthalen~l-yl-methyl-amine as described in the 
preparation of Compound 44-C gave the title amide as a, pale yellow oil 
(0.4931 g, 26% yield). ^HNMR (300 MHz, CDCI3) 5: 818 (0.6H, d), 7.88-7.80 
(2.4 H, m), 7.54-7.38 (4H, m), 6.17 (0.6H, s), 6.08 (0.4H, s), 5.13 (1.2H, s), 5.06 

15 (0.8H, s), 3.08 (1.2H, s), 2.90 (1.8H, s), 1.73 (3.6H, s), 1.67 (2.4H, s). 



Compound 87-B: 2-Hydroxy-3-(methvl-naphthalen-l-ylD:iethyl-carbamovlV 
acrylic add methyl ester 
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2-(2,2-Dimethyl-5K>xo-[l^]dioxolan-4-yHdene)-N-me&^^ 
naphthalen-l-ylmethyl-acetamide was treated with methanol as described in 
the preparation of Compoxind 44-D and gave the title ester as a colorless oil 
(0.04 g, 33% yield). iRNMR (300 MHz, CDCI3) 5: 14.65 (IH, bs), 7.89-7.82 
5 (3H, m), 7.57-7.20 (4H, m), 6.31 (0.6H, s), 6.21, (0.4H, s), 5.15 (1.2H, s), 5.07 
(0.8H, s), 3.89 (1.8H, s), 3.80 (1.2H, s), 3.11 (1.2H, s), 2.94 (1.8H, s). 

Compounds 778-781 

2-Hydroxy-3-(methyl-naphthalen-l-yLmethyl-carbamoyl)-acrylic acid 
10 methyl ester was treated with paraformaldehyde and an amine according to 
the procedure described in the preparation of compound 12 to yield 
compounds 778-781. 




Compound 


XI 


LC/MS 
retention 
time 
(min) 


MS calculated 
(M + H) 


MS 
found 


778 




1.4 


325.4 


325.4 


779 




1.1 


410.5 


410.4 


780 




1.3 


341.4 


341.4 


781 




1.2 


371.4 


371.4 



15 
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EXAMPLE 88 

Compound 782: 4-r3-HydTOxy-4-(methyl-naph1halen"l-ylme1hy 
2H)xo-23-dihydro-pyrrol-l-yll-butyric add 




2-Hydroxy-3-(methyl-naphthalen-l-ylmethyl<arbam add 
methyl ester was treated with paraformaldehyde and 4-amino-butyric add 
according to the procedure described in the preparation of compound 12 to 
10 give the title compound as a white powder (0.0210g, 55% yield). ). ^HNMR 
(300 MHz, CDCI3) 5: 7.93-7.81 (2H, m), 7.55-7.42 (4H, m), 7.42-7.28 (IH, m), 
5.13 (2H, s), 4.14 (2H, s), 3.52-3.50 (2H, m), 2.36-2.29 (2H, m), 1.90-1.87 (2H, 
m). 

15 EXAMPLE 89 

Method for the preparation of compounds 783-791 

The general metiiod for the preparation of compotmds 783-791 is 
illustrated in Scheme XV. 

20 Compoimd 89- A: (4-Fluoro-2-methvlsulfanyl-benzyl)-methyl-amine 



I 



wo 2004/004657 



PCT/US2003/021371 



238 

A suspension of 2, 4rdifluorobenzaldehyde (16 mL, 146 mmol) and 
sodium thiomethoxide (14 g, 200 mmol) in toluene (200 mL) was stirred at 80 
°C for 7 h and 14 h at room temperature. The reaction mixture was diluted 
with ether (300 mL), washed with water (100 mL), saturated aqueous 

5 NaHCOS (100 mL) and brine (50 mL). The aqueous layers were combined 
and extracted with ether (2 X 100 mL). The organic layers were combined 
and dried over anhydrous Na2S04, filtered and concentrated to give a viscous 
oil. This viscous oil was dissolved in ether /hexanes (1:1, v/v) and slowly 
concentrated on imder vacuimci. The precipitated white solid was separated 

10 by Alteration and dried to give 2-methylthio-4-fluorobenzaldehyde (18.7 g, 
75% yield). iRNMR (500 MHz, CDCb) 5: 10.11 (IH, s), 7.78 (IH, dd, J = 8.55, 
6.11 Hz), 6.97 (IH, dd, J = 10.07, 2.44 Hz), 6.91 (IH, td, J = 8.54, 2.44 Hz), 2.45 
(3H, s). MS calcd for C8H7FOS (M+H): 171.2; found: 171.6. 

15 A solution of 2-methylthio-4-fluorobenzaldehyde (2.04 g, 12 mmol) 

and 2M methylamine in methanol (24 mL, 48 mmol) was stirred at room 
temperature for 2 h. To this was added a solution of ZnCh (0.818 g, 6 mmol) 
and NaCNBHs (0.754 g, 12 mmol) in methanol (30 mL). After stirring for 20 
h, the reaction mixture was concentrated and the resulting residue was taken 

20 up in aqueous NaOH (0.5 M, 20 mL), extracted with CH2CI2 (5 X 50 mL). The 
combined organic layers were concentrated and the resulting residue was 
taken up in IN HQ (25 mL). This solution was extracted with ethyl acetate (3 
X 25 mL). The organic layers were discarded and aqueous layer was brought 
to pH 9 by adding Na2C03 and extracted with CH2CI2 (3 X 50 mL). The 

25 combined CH2Ch layers were dried over MgS04, filtered and concentrated to 
give the desired benzylamine as a viscous pale yellow oil (1.4 g, 60% pure). 
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Compound 89'B: 2-(2,2-Dimethyl-5-oxo413ldioxolan4-yUdene)>N-(4-£luor^ 
2-methylsuHanyl-benzylVN-methyl-acetaim 



To a stirred solution of (4-fluoro-2-methylsvilfanyl-ben2yl)-methyl- 
amine (1.3 g) and dyuisopropylethylamine (1.74 mL, 10 mmol) in CH2CI2 (60 
mL) was added (2,2-dimethyl-5-oxo-[131dioxolan-4-ylidene)-acetyl chloride 
(1.1 g, 6 mmol). After 1 h, the reaction mixture was concentrated and the 

10 resulting residue was taken up in ether (100 mL), washed with IN HCl (10 
mL) and brine (10 mL). The organic layer was dried over anhydrous Na2S04 
, filtered and concentrated to give a viscous yellow oil. Flash 
chromatography on a silica gel colvunn with 3:2 hexanes/EtOAc followed by 
2:3 hexanes/EtOAc gave the desired product as a 1:1 mixture of E and Z 

15 isomers 1.8123 g, 89% yield). ^HNMR (500 MHz, CDCI3) 6: 7.17 (O.SH, dd, J = 
8.54, 6.11 Hz), 7.00 (0.5H, dd, J = 8.55, 5.8 Hz), 6.94-6.89 (IH, m), 6.83-6.77 (IH, 
m), 6.17 (0.5 H, s), 6.04 (0.5H, s), 4.68 (IH, s), 4.51 (IH, s), 2.98 (1.5H, s), 2.97 
(L5H, s), 2.48 (1.5H, s), 2.45 (1.5H, s), 1.72 (3H, s), 1.67 (3H, s). MS calcd for 
C16H19FNO4S (M+H): 340.1; found: 340.3. 

20 

Compound 89-C : 2"(2.2-Dimethyl-5-oxo-ri;21dioxolan-4-ylidene)-N-(4- 
fluoro-2"methanesulfinyl-benzyl)-N-methoxy-acetainide 




5 
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To a stirred solution of 4rfluoro-2-methykulfenylbeiizaldehyde (9.7 g, 
57 mmol) in CH2CI2 (300 mL) was added in small portions m- 
chloroperbenzoic add (60%, 20.71 g, 120 mmol) over 20 minutes. After 24 h, 
5 mL of dimethylsulf oxide followed by saturated NaHCOa (100 mL) was 

5 added and stirred for additional 2 h. The organic layer separated and 

washed with saturated NaHCOs (2 X 100 mL). The combined aqueous layers 
were saturated with NaCl and extracted with CH2CI2 (2 X 100 mL). The 
combined organic phases were dried over anhydrous NazSOi, filtered and 
concentrated to give a viscous yellow oil. This residue was purified by flash 

10 chromatography on a silica gel column using hexanes/ether/ethyl acetate 
(gradient elution). The fractions containing the desired product are 
combined and concentrated to give 4-fluoro-2-methylsulfonylbenzaldehyde 
(3.85 g, 33%) and 4-fluoro-2-methylsulfinyIbenzaldehyde (5.61 g, 53% yield) 
as a white soUd. 4-fluoro-2-methylsulfonylbenzaldehyde: ^HNIMR(500 

15 MHz, CDCI3) 5: 10.41 (IH, s), 8.08-8.06 (IH, M), 7.85-7.71 (2H, m), 3.09 (3H, 
s). HRMS calcd for CsHeFOsS (M-H): 201.0022; found: 201.0025. 4-fluoro-2- 
methylsulfinyl-benzaldehyde: ^HNMR (500 MHz, CDCI3) 5: 9.97 (IH, s), 
8.07-8.05 (IH, M), 7.99-7.94 (IH, m), 7.36-7.33 (IH, m), 2.80 (3H, s). MS calcd 
for C8H8FO2S (M+H): 187.02; found: 187.02. 

20 

To a stirred solution of 4-fluoro-2-methylsulfinylbenzaldehyde (2.234 
g, 12 mmol) in 2M methylamine in methanol (24 mL, 48 mmol) was added a 
solution of ZnCh (0.818 g, 6 mmol) and NaCNBHs (0.754 g, 12 mmol) in 
methanol (30 mL). After stirring for 16 h an additional methyl amine (1 
25 equiv) and NaCNBHa (1 equiv) every 24 h for 5 days. After seven days, the 
reaction mixtujre was concentrated and the resulting residue was taken up 
into aqueous NaOH (1 M, 100 mL), extracted with CH2CI2 (5 X 50 mL). The 
combined organic layers were concentrated to give a yellow oil which was a 
mixture of aldehyde and the desired (4-Huoro-2-methanestilfinyl-benzyl)- 
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methyl-amine. This material was used in tihe next step without further 
ptuification. 

To a stirred solution of above amine and diisopropylethylamine (1.75 
5 mL, 10 mmol) in CH2CI2 (30 mL) was added (2,2-dimethyl-5-oxo- 

[l^]dioxolan-4-ylidene)-acetyl chloride (0.95 g, 5 mmol). After 1 h, the 
reaction mixture was concentrated and the resulting residue was taken up 
into ether (150 mL), washed with IN HCl (10 mL), water (20 mL) and brine 
(20 mL). The organic layer was dried over anhydrous Na2S04 / filtered and 
10 concentrated to give a yeUow residue which was purified by flash column 
chromatography on silica gel column using 1:1 v/v hexanes/ethyl acetate, 
ethyl acetate and 2-5% methanol/ethyl acetate. The fractions containing the 
compotmd were combined and concentrated to give the product (1.65 g, 93% 
yield based on acid chloride used). ^HNMR (500 MHz, CDC13) 5: 7.76-7.72 
15 (IH, m), 7.28 (lH,dd, J = 8.3, 5.0 Hz),7.13 (IH, td, J = 8.2, 2.7 Hz), 6.14 (IH, s), 
4.88 (IH, d, J = 15.3 Hz), 4.46 (IH, d, J = 15.3 Hz), 3.03 (3H, s), 2.71 (3H, s), 1.72 
(6H, s). LRMS calcd for C16H19FNO5S (M+H): 356.1; found: 356.3. 

Compound 89-D: 2-(2.2-Dimethyl-5-oxo-ri31dioxolan-4-ylidene)-N-(4- 
20 fluoro-2-methanesulfonyl-benzylVN«methyl-acetamide 




To a solution of 2-(2,2-Dimethyl-5-oxo-[l,3]dioxolan-4-ylidene)-N-(4- 
25 fluoro-2-methylsulfanyl-benzyl)-N-methyl-acetamide (0.5 g, 1.475 mmol) in 
CH2CI2 (10 mL) was added 50% m-chloroperbenzoic add (1.035 g, 3 mmol) 
and the resulting mixttire stirred at room temperature for 4 h, then, taken up 
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into EtOAc, washed successively with saturated NaHSO*, saturated NaHCOa 
and brine. The organic layer was dried over anhydrous NazSOi, filtered, 
concentrated and the residue ptuified on a silica gel column using 
hexanes/EtOAc (0-75%) to afford the desired product as a mixture of E/Z 
5 isomers (0.4977 91%). WiMR (300 MHz, CDCI3) 5: 7.76 (IH, dd, J = S2, 
2.7 Hz), 7.38-7.27 (2H, m), 6.21 (0.8H, s), 5.93 (0.2H, s), 5.05 (1.6H, s), 5.01 
(0.4H, s), 3.19 (2.4H, s), 3.16 (2.4H, s), 3.11 (0.6H, s), 3.03 (0.6H, s), 1.72 (4.8H, 
s), 1.69 (1.2H, s). LRMS calcd for CisHwENOeS (M + H) : 372; found: 372. 

10 Compound 783: 4-{4-r(4-F luoro-2-methylsulfanvl-ben2vlV-methvl- 
carbamovll-3-hyd roxv-2-oxo-25-dihvdro-pvrroI-l-vll-butvricadd 

O 

15 2-(2,2-Dimethyl-5-oxo-[l,3]dioxolan-4-ylidene)-N-(4-fluoro-2- 
methylsulfanyl-benzyl)-N-methyl-acetamide was reacted with 
paraformaldehyde and 4-amino-butyric add as described in Method 44B to 
give the title compound as a white solid (0.05 g, 49% yield). ^HNMR (300 
MHz, CDCI3) 5: 7.11 (IH, dd, J = 8.42, 5.85 Hz), 6.91 (IH, dd, J = 9.52, 2.57 

20 Hz), 6.82 (IH, td, J = 8.41, 2.56 Hz), 4.64 (2H, s), 4.15 (2H, s), 3.55 (2H, t, J = 
6.96 Hz), 2.98 (3H, s), 2.47 (3H, s), 2.38 (2H, t, J = 6.95 Hz), 1.96-1.88 (2H, m). 
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Compound 784: 4-{4-[(4-nuoro-2'methanesii[fmyl-benzylVmet^^ 
carbamoyl1"3-hydroxy-2-oxo-2^-dihydrO'pyrrol-'l-'yl}-butyric add 




2-(2,2-Dimethyl-5-oxo-[l^]dioxolan-4-y]idene)-N-(4-fluoro-2- 
methanesulfinyl-benzyl)-N-methyl-acetaiiude was reacted witti 
paraformaldehyde and 4-amino-butyric acid as described in Method 44B to 
give the title compotind as. a colorless oil (0.015 g, 18% yield). iRNMR (300 
10 MHz, CDCI3) 5: 7.76 (IH, dd, J = 8.05, 2.20 Hz), 7.34 (IH, dd, J = 8.41, 5,12 

Hz), 7.19 (IH, td, J = 8.05, 2.56 Hz), 4.85 (2H, d, J = 15,01 Hz), 4.18 (2H, s), 3.58 
(2H, t, J = 5.86), 3.01 (3H, s), 2.76 (3H, s), 2.39 (2H, t, J = 5.86 Hz), 1.95 (2H, t, J 
= 6.22 Hz). 

15 Compound 785: 4-(4-[(4-Fluoro-2-methanesulfonyl-benzyl)-methyl- 
carbamoyll-3-hydxoxy'2K)xo-2^-dihydrO'pyrrol-l"yll-buty^ 
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2-(2^-Dime%l-5-oxo-[i;3]dioxolan-4-yUdene)-N-(4-fluoro-2- 
methanesulfonyl43eiizyl)-N-methyl-acetaimde was reacted with 
paraformaldehyde and 4-airuno-butyric add as described in Method 44B to 
give the title compound as a colorless oil (0.01 g, 9% yield). iHNMR (300 
5 MHz, CDCI3) 5: 7.78 (IH, dd, J = 8.06, 2.57 Hz), 7.43 (IH, dd, J = 8.60, 4.94 
Hz), 7.36-7.30 (IH, m), 5.08 (2H, s), 4.20 (2H, s), 3.58 (2H, t, J = 5.85 Hz), 3.16 
(6H, s), 2.42 (2H, t, J = 6.22 Hz), 1.95 (2H, t, J = 6.59). 

Compoxmd 786: 4 -Hvdroxv-l-(2-morpholin-4-vl-ethvD-5-oxo-2.5-dihydro- 
10 lH-pvrrole -3-carboxvlic add (4-fluoro-2-methvlsulfanvl-benzvlVmethyl- 
amide 




15 2-(2,2-Dimethyl-5-oxo-[l,3]dioxolan-4ryUdene)-N-(4-fluoro-2- 
methylsulfanyl-benzyl)-N-methyl-acetamide was reacted with 
paraformaldehyde and 2-morpholin-4-yl-ethylamine as described in Method 
44B to give the title compound as a white solid (0.032 g, 76% yield). ^HNMR 
(300 MHz, CDCI3) 6: 7.07 (IH, dd, J = 9.52, 6.23 Hz), 6.92 (IH, dd, J = 9.52, 

20 2.56 Hz), 6.82 (IH, td, J = 8.06, 2.57 Hz), 4.61 (2H, s), 4.27 (2H, s), 3.95-3.90 
(8H, m), 3.76-3.72 (2H, m), 3.39 (2H, t, J = 5.85 Hz), 2.97 (3H, s), 2.47 (3H, s). 
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Compoimd 787: 4-HyclrQxy-l-(2-hydrQxy-ethvl)-5-oxo-2^Kiihy 
pyrrole-3-carbQxylic add (4-fluoro-2-methylsulfanyl4?enzyl)-methyl-airud^ 




2-(2;2-Dimethyl-5-oxo-[l^]dioxolan-4-yMene)-N-(4-fluor^^^ 
methylsiilfanyl-berizyl)-N-methyl-acetarnide was reacted with 
paraformaldehyde and amino-ethanol as described in Method 44 B to give 
the title compound as a white soUd (0.28 g, 79% yield). ^HNMR (300 MHz, 
10 MeOD) 5: 7.21 (IH, dd, J = 8.42, 5.86 Hz), 7.06 (IH, dd, J = 9.88, 2.57 Hz), 6.88 
(IH, td, J = 8.41, 2.56 Hz), 4.69 (2H, s), 4.23 (2H, s), 3.72 (2H, t, J = 10.24, 5.12 
H), 3.61-3.57 (2H, m), 3.02 (3H, s), 2.50 (3H, s). 

Compound 788: 4-Hydb:oxy-l-(2-morpholiri'4--yl-ethyl)-5-oxo-2^-dihydro- 
15 lH-pyrrole-3<arboxylic acid (4-fluoro-2-methanesulfinyl''benzyl)-methyl- 
amide 




20 2-(2,2-Dimethyl-5-oxo-[l,3]dioxolan-4-yUdene)-N-(4-fluoro-2 
methanesiil£uiyl-berizyl)-N-methyl-acetamide was reacted with 
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paraformaldehyde and 2-morpholm-4-yl-ethylaimiie as described in Method 
44 B to give the tifle compoimd as a yellow solid (0.04 g, 88% yield). ^HNMR 
(300 MHz, MeOD) 5: 7.72 (IH, dd, J = 8.42, 2.56 Hz), 7.49 (IH, dd, J = 8.79, 
5.13 Hz), 7.32-7.26 (IH, m), 4.19 (2H, s), 4.09-3.46 (lOH, m), 3.30-3.21 (2H, m), 
5 3.12 (3H, s), 2.81 (3H, s). 

Compound 789: 4- Hvdroxv-l-(2-hvdioxv-ethvl)-5-oxo-25-dihvdro-lH- 
PVTrole-3-carboxvl ic add f4-fluoro-2-methylsul£invl-benzvl)-methvl-amide 




2-(2>Dimethyl-5-oxo-[l,3]dioxolan-4-yUdene)-N-(4-fluoro-2- 
methanesulfinyl-benzyl)-N-methyl-acetamide was reacted with 
paraformaldehyde and amino-ethanol as described in Method 44B to give the 
15 title compoxmd as a colorless oil (0.015 g, 40% yield). iHNMR (300 MHz, 

MeOD) 8: 7.71 (IH dd, J = 8.42, 2.56 Hz), 7.47 (IH, dd, J = 8.42, 5.12 Hz), 7.31 
(IH, td, J = 8.41, 2.56 Hz), 4.95 (2H, s), 4.23 (2H, s), 3.73 (2H, t, J = 5.12 Hz), 
3.59 (2H, t, J = 4.76 Hz), 3.11 (3H, s), 2.80 (3H, s). 
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Compound 790: 4-Hydroxy4-f2-mQrpholin-4-yl-ethyl)-5-oxo-2,5-di^ 
IH-pyrrole-S-carboxvlic add (4-fluorO'2-methanesulfonyl-benzvl)-methyl- 
amide 



5 




2-(2>Dimeihyl-5-oxo-[l^]dioxolan-4-yHdene)-N-(4-fluo 
methanesidf onyl-baizyl)-N-methyl-acetamide was reacted with 
paraformaldehyde and 2-morpholin-4-yl-ethylamine as described in Method 
10 44B to give the title compound as a white solid (0.032 g, 69% yield). ^HNMR 
(300 MHz, DMSO) 5: 9.65 (IH, bs), 7.74 (IH, dd, J = 8.41, 2.56 Hz), 7.64-7.59 
(IH, m), 7.43-7.38 (IH, m), 4.99 (2H, s), 4.15 (2H, s), 4.00-3.53 (lOH, m), 3.43 
(2H, s), 3.38 (3H, s), 3.11 (3H, s). 

15 Compoimd 791: 4-Hydroxv4-(2-hvdroxy-ethvl)-5-oxo-2^-dihvdro-lH- 
pyrrole-3<arboxylic acid (4-fluoro-2-meihylsulfonyl-benzyl)-methyl"amide 




OH 



20 



2-(2,2-Dimethyl-5-oxo-[l,3]dioxolan-4-yHdene)-N-(4-fluoro-2- 
methanestdfonyl-benzyl)-N-methyl-acetainide was reacted with 
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parafonnaldehyde and amino-ethanol as described in Method 44 B to give 
the title compound as a colorless oU (0.02 g, 41% yield). ^HNMR (300 MHz, 
MeOD) 6:7.77 (IH, dd, J = 8.42, 2.57 Hz), 7.56-7.45 (2H, m), 5.10 (2H, s), 4.26 
( 2H, s), 3.73 (2H, bs), 3.59 (2H, bs), 3.23 (6H, s). 

5 

EXAMPLE 90 
Method for the preparation of compotinds 792-808 



Compound 90-A: N-(3>4-dicMoro-benzyl)<)-methyl-hydroxylajDaine 

10 




To methoxylamine hydrochloride (20 g, 0.24 mol) in water (200 mL) 
and THE (74 mL) was added sodium acetate (16.3 g, 0.2 mol) followed by 3,4- 

15 dichlorobenzaldehyde (25 g, 0.14 mol). The mixture was stirred at room 
temp for 6 h and diluted with diethyl ether. The aquequs phase was 
extracted with ethyl acetate, dried (sodium sulfate) and concentrated to give 
a colorless oil. The oil was dissolved in glacial acetic acid (200 mL) and 
cooled to 0 °C. Sodium cyanoborohydride (18.8 g, 0.26 mol) was added over 

20 30 min. The mixture was stirred at room temp for 4 days, cooled to 0 °C and 
made basic with 10 N NaOH. The mixture was extracted with EtOAc (3X's) 
and the combined organic extracts were washed with water and brine and 
concentrated to give an oil that solidifies upon standing. This residue was 
stirred in diethyl ether and the resulting title compoimd was filtered as a 

25 white soUd (9.61 g, 33% yield). ^HNMR (300 MHz, DMSO) 5: 10.12 (IH, bs), 
7.74 (IH, s), 7.67 (IH, d, / = 8.42 Hz), 7.44 (IH, d, / = 8.05 Hz), 4.21 (2H, s), 3.59 

m 

(3H, s). 
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Compoimd 90-B: N'(3.4-Dichloro-beivz;vlV2-(2.2-dimethvl-5-ox<> 
f 1 3ldioxolane-4-yHdene)-N-methoxy-acetamide 




5 



A suspension of {2,2-<iimethyl-5-oxo-[13ldioxolan-4-ylidene)-acetic 
add (4.37 g, 25.4 mmol) in benzene (30 mL) was refluxed for 1 h with oxalyl 
chloride (15 mL). The resulting solution was cooled and concentrated. The 
residue was dissolved in dichloromethane (30 mL) and cooled to 0° C and N- 

10 (3,4-dicWoro-ben2yl)-0-methyl-hydroxylainine (5.3 g, 22 mmol) in 

dichloromethane (30 mL) and pyridine (18 mL) was added dropwise. The 
resulting mixture was stirred at room temp for 18 h. The mixture was diluted 
with IN HCl and extracted with EtOAc. The organic phase was washed with 
IN HCl, dried (sodium sulfate) and concentrated to give the title compound 

15 as a yeUow soUd (7.59 g, 83% yield). ^HNMR (300 MHz, CDCI3) 5: 7.44 (IH, 
s), 7.39 (2H, d, 7 = 8.05 Hz), 7.19 (2H, d, / = 8.05 Hz), 6.37 (IH, s), 4.75 (2H, s), 
3.70 (3H, s), 1.74 (6H, s). 

Compound 90-C: 3-r(3>4-DichlorQ-benzvlVmethoxv-carbamovn-2- hvdroxv- 
20 acrylic acid methyl ester 




O 



OH 



25 



A mixture of N-(3,4Kiichloro-benzyl)-2-(2,2-dimethyl-5-oxo- 
[l,3]dioxolane-4-ylidene)-N-methoxy-acetamide (1.0 g, 2.8 mmol) and 



wo 2004/004657 



PCT/US2003/021371 



250 

potassiiim carbonate (0.39 2.8 mmol) in MeOH (20 mL) was stirred at room 
temp for 1 h. The suspension was diluted with EtOAc and washed with IN 
HCl followed by brine. The organic phase was dried (sodiimi sulfate) and 
concentrated. The title compoimd was purified by flash chromatography 
5 eluting with 100% hexane followed by 25% EtOAc/hexane to give a white 
solid (0.3107 g, 33% yield). ^HNMR (300 MHz, CDCI3) 5: 13.28 (IH, s), 7.41 
(2H, m), 7.15 (IH, dd, / = 9.52, 1.47 Hz), 6.45 (IH, s), 4.77 (2H, s), 3.89 (3H, s), 
3.72 (3H, s). 

10 Compotmds 792-808: 

Amine (0.1 mmol) was reacted with paraformaldehyde according to 
the method described for the preparation of compound 86-A. This was 
combined with 3-[(3,4-dichloro-benzyl)-medioxy-carbamoyl]-2-hydroxy- 
acrylic add methyl ester (0.036 g, 0.1 mmol), in MeOH (1.0 mL) and the 

15 resulting mixtuare stirred at 55'' C for 1 h. The resulting solution was cooled 
and pimfied by preparative HPLC (YMC Combiprep ODS-A, 30mm x 50mm, 
MeOH/H2O/0.1% TPA) to give the title compounds. Compounds were 
evaluated by LC/MS (Waters XTEKRA, 4.6mm x 30mm, MeOH/H2O/0.1% 
TFA, 10%-90% MeOH, 2 min gradient, 5 mL/min flow rate; ESI+). 

20 

^ N 



Compound 


XI 


LC/MS 
retention 

time (mdn) 


MS 
calcd 
(M + H) 


MS found 


792 




1.6 


514.1 


514.2 


793 




1.50 


3752 


375.2 


794 




1.3 


443.3 


443.3 
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795 




1.3 


471.4 


471.3 


796 




13 


458.3 


458.3 


797 


o 


1.8 


486.4 


486.3 


798 




1.7 


443.3 


443.3 


799 


Xi ^N'^ 


1.3 


460.4 


460.3 


800 


H 

Xf ^ ^ 


in) 


ooo,o 


OOO.Z 


0\JX 




1.7 


359.2 


359.3 

■ 




OH OH 

— — Xi 
OH OH 


1.4 


495.3 


495.3 


803 


^Y^x, 


1.5 


389.2 


389.3 


804 


1 

HO-^ 


1.7 


417.3 


417.3 


805 


OH 


1.4 


405.2 


405.3 


806 


O^ 
HO^ 


15 


433.2 


433.3 


807 


HO^ Js^ 

Xi 


1.5 


389.2 


389.3 


808 


HOv^^ 


1.4 


405.2 


405.3 
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EXAMPLE 91 

Compound 809 : 4-Hvdroxv-l-f4-hvdroxv-butvl)-5K)xo-25-dihvdro-l^^ 
pvrrole-3"Carboxylic acid (3,4Kiichloro-benzylVmethoxv-ainide 




3-[(3,4rI3icWoro-ben2yl)-methoxy-carbamoyl]-2-hydroxy-a^ 
methyl ester, paraformaldehyde and 4-amino-butanol were reacted according 
to the method described for compoimds 792-808 to give the tile compound as 
10 a yeUow oil (0.015 g, 36% yield). ^HNMR (300 MHz, CDCI3) 5: 7.43-7.40 (2H, 
m), 7.18 (IH, dd, J = 8.42,1.83 Hz), 4.81 (2H, s), 4.14 (2H, s), 3.74 (3H, s), 3.63 
(2H, t, J = 6.40 Hz), 3.51 (2H, t, J = 4.01 Hz), 1.68-1.53 (4H, M), 1,43-1.33 (2H, 
m). 

15 EXAMPLE 92 

Compoimd 810: 4-(4-f (3,4-Dichloro-benzvl)-methoxy-carbamovn-3-hvdroxy- 
2-oxo-2^dihydro-pyrrol-l-vlt-butyric add 




OH 



20 



To a solution of 4-amino butyric acid (0.093 g, 0.90 mmol) in acetic add 
(0.5 mL) at 55*" C was added paraformaldehyde (0.027 g, 0.90 mmol). After 
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stirring for 10 mm, 3-[(3,4<Udiloro-beii2yl)-methoxy-carbamoyl]-2-hydrojqr- 
acrylic add methyl ester (0.2978 g, 0.89 mmol) was added and the mixture 
was stirred at 55° C for 1 h. The clear yellow solution was cooled, 
concentrated and purified by preparative HPLC (C18, ODS-A, S-75|im, 10%- 
5 40% acetonitrile/water/0.5%Ha) to give the title compound as a yellow 
foam (0.129 g, 34% yield). HRMS (M+H) calcd for C17H19N2CI2O6: 417.06203; 
found: 417.0607. 

EXAMPLE 93 

10 Method for the preparation of compoimds 811-814 

The general method for the synthesis of compounds 811-814 is 
illustrated in Scheme XIV. 



15 Compound 93-A: 2-(2,2-Dimethvl-5K)xo-ri31dioxolane-4-vUdeneVN- 
methoxv -N-naphthalen-l-ylmethyl-acetamide 




20 O-Methyl-N-iiaphthalen-l-ylmethyl-hydroxylaiiune was reacted with 

(2,2-dimethyl-5-oxo-[l,3]dioxolan-4-ylidene)-acetic add according to the 
method described for the preparation of compoxmd 90-B to give the title 
compound as a pale yellow solid (0.826 g, 56% yield). ^HNMR (300 MHz, 
CDOa) 5: 8.18 (IH, d, J = 8.05 Hz), 7.85 (2H, t, J = 9.15 Hz), 7.56-7.41 (4H, m), 

25 6.40 (IH, s), 5.30 (2H, s), 3.43 (3H, s), 1.77 (6H, s). 
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Compound 93-B: 2-HvdroxV'3-(me1hoxv-naphtfaalen-l-vlmethvl- 
carbamoyP-acrylic add methyl ester 




Compovind 93-B was prepared using the same procedure described for 
the preparation of compound 90-C and isolated as an orange powder (0.022 
g, 45% yield). iRNMR (300 MHz, CDCI3) 5: 8.09 (IH, d, J = 8.05 Hz), 7.87 
(2H, t, J = 7.68 Hz), 7.57-7.41 (4H, m), 5.35 (2H, s), 4.16 (2H, s), 3.56 (3H, s), 
10 3.54 (2H, t, J = 6.33 Hz), 2.38 (2H, t, J = 6.58 Hz), 1.91 (2H, t, J = 6.22 Hz). 



Compotmds 811-814 

As illustrated in Scheme XIV, compoimds 811-814 were prepared from 
2-hydroxy-3-(meAoxy-iiaphthalen-l-ylmethyl-carbamoyl)-acrylicacid 

15 methyl ester, paraformaldehyde and an amine, 1-7 using the same method 
described for the preparation of compoimds 792-808. 




Compound 


XI 


LC/MS 
retention 
time (min) 


WBcalcd 
(M + H) 


MS 
fovind 


811 




1.5 


341.4 


341.4 


812 




12 


426.5 


426.4 


813 




1.4 


357.4 


357.3 


814 




13 


387.4 


387.3 
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EXAMPLE 94 

Compound 815: 4-r3- Hv<iroxv-4(methoxv-imphthalen-l-vl methvl- 
carbamovn -2-oxo-25-dihvdro-pvTrol-l-vn-butvricacid 




2-Hydroxy-3-(methoxy-mphthaIen-l-ylmethylKarbamoyl)-aaylic 
add methyl ester, paraformaldehyde and 4-amino-butyric acid were reacted 
using the method described for the synthesis of Compound 810 to give the 
10 title compound as an orange powder (0.0217 g, 45% yield). iRNMR (300 
MHz, CDCI3) 8: 8.09 (IH, d, J = 8.05 Hz), 7.87 (2H, t, J = 7 68 Hz), 7.57-7.41 
(4H, m), 5.35 (2H, s), 4.16 (2H, s), 3.56 (3H, s), 3.54 (2H, t, J = 6.33 Hz), 2.38 
(2H, t, J = 6.58 Hz) 1.91 (2H, t, J = 6.22 Hz). 

15 EXAMPLE 95 

Compound 95-A: N-(4-fluoro-2-methvlsulfanvl-benzvlVO-methvl- 
hydroxylami ne hydrochloride 

\ 

20 

A 250 mL roimd bottom flask was charged with 4-fluoro-2- 
methylsulfanylbenzaldehyde (5.106 g, 30 mmol), O-methylhydroxylamine 
hydrochloride (3.758 g, 45 mmol), sodium acetate (6.124 g, 45 mmol), water 
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(50 mL) and THF (75 mL). The reaction mixture was stirred at room 
temperature for 4 h and taken up into ether (300 mL), washed with water (2 X 
50 mL) and brine (50 mL). The organic phase was dried over anhydrous 
Na2S04, filtered and concentrated to give 4-fluoro-2-methylsulf anyl- 

5 benzaldehyde-O-methyl-oxime (5.892 g, 99%) as a white solid. 

To a stirred solution of 4'fluoro-2-methylsxi]f anyl-benzaldehyde-O- 
methyl-oxime (5.982 g, 29.58 mmol) in CH2Cb (30 mL) was added 
trifluoroacetic add (30 mL) followed by triethylsilane (14 mL, 90 mmol). 
After stirring for 6 h, the reaction mixture was concentrated and the resulting 

10 residue was taken up in saturated aqueous NaHCOa (100 mL) and extracted 
with ethyl acetate (3 X 75 mL). The combined organic extracts were dried 
over anhydrous Na2S04, filtered, and concentrated to give a viscous oil. The 
crude product was re-dissolved in anhydrous ether and 2M HCl/ ether w (18 
mL) was added. The resulting white solid was filtered and dried to peld the 

15 desired product as the HCl salt (6.666 g, 93% yield). ^HNMR (500 MHz, 

DMSO-d6) 5: 11.44 (IH, br s), 7.66-7.59 (IH, m), 7.24 (IH, dd, J = 10.1, 2.1 Hz), 
7.08 (IH, td, J = 8.6, 2.4 Hz), 4.85 (2H, s), 3.82 (3H, s), 2.53 (3H, s). MS calcd 
for C9H13FNOS (M+H): 202.07; found: 202.07. 

20 Compound 95-B: 2-(2.2-Dimethvl-5-oxo-ri31dioxolan -4>vUdeneVN-(4-fluoro- 
2-methylsuIfanyl-benzylVN-methoxv-acetamide 




25 To a stirred solution of N-(4-fluoro-2-methylsulf anyl-benzyl)-0- 

methyl-hydroxylamine hydrochloride (1.19 g, 5 mmol) and (2,2-Dimethyl-5- 
oxo-[l,3]dioxolan-4-ylidene)-acetyl chloride (0.953 g, 5 mmol) in CH2CI2 (20 
mL) was added diisopropyethylamine (1.9 raL, 11 mmol) at room 
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temperature. After 1 h, the reaction mixture was concentrated and the 
resulting residue was taken up into ether (150 mL), washed with IN HCl (10 
mL), water (20 mL) and brine (20 mL). The organic layer was dried over 
anhydrous Na2S04 , filtered and concentrated to give product as a white solid 
5 (1.77 g, 99%). iHNMR (300 MHz, CDC13) 5: 7.28-7.23 (IH, m), 6.90 (IH, dd, J 
= 9.5, 2.6 Hz), 6.78 (IH, td, J = 8.4, 2.6 Hz), 6.37 (IH, s), 4.88 (2H, s), 3.62 (3H, 
s), 2.44 (3H, s), 1.71 (6H, s). MS calcd for CieHisFNOsS Na (M+Na): 378.078; 
found: 378.18. 

10 Compound 816: 4-{4'r(4-Fluoro-2-methylsulfanyl-benzyl)"metfaoxy- 
carbamoyl1-3'hydroxy-2'Oxo-2^-dihydro-pyTrol-l"yl]"butyricacid 




15 2(2,2-Dimethyl-5-oxo-[13]dioxolan-4-ylidene)-N-(4-fluoro-2- 

methylsulfanyl-benzyl)-N-methoxy-acetan:ude was reacted wiiii methanol to 
give 3-[(4-fluoro-2-methylsulfanyl-benzyl)-methoxy-carbamoyl]-2-hydroxy- 
acrylic add methyl ester as a white sticky solid (0.0807 g, 88% 3deld). This 
was then reacted with paraformaldehyde and 4-amino butjrric acid following 

20 the procedure described for Compoimd 810 to give the title compotind as an 
orange soHd (0.0360 g, 64% yield). iRNMR (300 MHz, DMSO) 6: 12.10 (IH, 
bs), 11.35 (IH, bs), 7.30 (IH, m), 7.14 (IH, dd, J = 12.44, 2.20 Hz), 6.97 (IH, td, J 
= 8.41, 2.65 Hz), 4.86 (2H, s), 4.18 (2H, s), 3.69 (3H, s), 3.42 (2H, t, J = 6.73 Hz), 
2.50 (3H, t, J = 1.83 Hz), 2.22 (2H, t, J = 6.73 Hz), 1.78 (2H, m). 

25 
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EXAMPLE 96 

Compound 96-A: 2-(22-Dimethvl-5-oxo-ri2ldioxolan-4-ylideneVN-f4- 
fluoro-2»me1hanesulfinyl-benzyl)-N-methoxy-acet^^ 




MCPBA (0.49 g, 1.41 mmol) was added to a solution of 2-(2,2- 
dimethyl-5<)xo-[l,3]dioxolan-4-yUdene)-N-(4-fluoro-2-meth^ 
benzyl)-N-methoxy-acetamide (0.50 g, 1.41 mmol) in dichloromethane (10 

10 mL) and the mixture was stirred at room temp for 4 h. After diluting with 
EtOAc and washing with saturated NaHSO^/ NaHCOs and brine, the organic 
phase was dried (sodium sulfate) and concentrated. The title compound was 
purified by flash chromatography eluting with 100% hexane to 100% EtOAc 
to give a white foamy solid (0.4789 g, 92% yield). iRNMR (300 MHz, CDCI3) 

15 5: 7.75 (IH, dd, J = 8.42, 2.92 Hz), 7.49 (IH, dd, J = 8.42, 5.12 Hz), 7.15 (IH, td, 
J = 8.42, 2.93 Hz), 6.34 (IH, s), 4.88 (2H, d, J = 8.05 Hz), 3.70 (3H, s), 2.76 (3H, 
s), 1.74 (6H, s). 



Compound 817: 4'(4-r(4-Fluoro-2"methanesul£inyl-benzyl)-methoxy- 
20 carbamoyl1-3-hydroxy-2<>xo-2r5'-dihydrO"pyrrol-l-yl}-butyricadd 
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2-(2>Dime%l-5-oxo-[l^]dioxolan-4-ylidene)-N-(4-fluoro-2- 
methanesTjl£inyl-ben2yl)-N-methoxy-acetarnide was reacted with methanol 
using the procedure described for the synthesis of compoxmd 90-C to yield 3- 

[(4-fluoro-2-niethanesulfinyl-43en2yl)-inethoxy<arbainoyl]-2-hydroxy-acrylic 
5 add methyl ester as a white sticky solid (0.1020 g, 100% yield). This crude 
was reacted with paraformaldehyde and 4-amino-butyric add using the 
procedure described for Compound 810 to give the title compound as an 
orange soUd (0.0360 g, 64% yield). iHNMR (300 MHz, CDOa) 6: 7.75 (IH, 
dd, J = 8.05, 2.56 Hz), 7.48 ( IH, dd, J = 8.42, 4.76 Hz), 7.21" (IH, td, J = 8.05, 
10 2.56 Hz), 4.96 (2H, q), 419 (2H, s), 3.78 (3H, s), 3.58 (2H, td, J = 6.95, 1.83 Hz), 
2.82 (3H, s), 2.39 (2H, t, J = 6.95 Hz), 1.97-1.92 (2H, m). 



EXAMPLE 97 

Compoimd 97-A: 2-(2.2-Dimethvl-5-oxo-ri31dioxolan-4-vlideneVN-f4- 
15 fluoro-2-methanesuIfonvl-benzyl)-N-methoxy-acetamide 




2-(2,2-Dimethyl-5-oxo-[l,3]dioxolan-4-yHdene)-N-(4-fluoro-2- 
20 metiiylsiilfanyl-benzyl)-N-methoxy-acetamide was reacted with 2 

equivalents of MCPBA using the method described for the synthesis of 
Compoimd 96-A to give the title compoimd as a white solid (0.263 g, 48% 
yield). iHNMR (300 MHz, CDCI3) 8: 7.74 (IH, dd, J = 8.06, 2.57 Hz), 7.60 (IH, 
dd, J = 8.78, 5.12 Hz), 7.27 (IH, td, 7.68, 2.56 Hz), 6.45 (IH, s), 5.26 (2H, s), 3.81 
25 (3H, s), 3.22 (3H, s), 1.74 (6H, s). 
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Compoiind 818: 4-{4-f(4-Ruoro-2-meihanesulfonyl-berizylVmethoxy- 
carbamoyl"3-hydroxy-2<»xo-23-dihydrcHpyiTol-l-vl}-but^ add 




2-(2>Dimethyl-5-oxo-[l^]dioxolan-4-yKdene)-N-(4-fluoro^^ 
methanesiilf onyl-beiizyl)-N-methoxy-acetainide was reacted with methanol 
using the procedure described for the synthesis of compound 90-C to jdeld 3- 
[(4-fluoro-benzyl)-methoxy<arbamoyll-2-hydroxy-acrylic acid methyl ester 

10 as a white sticky solid (0.102 g, 100% yield). This was reacted with 

paraformaldehyde and 4-amino-butyric add using the procedure described 
for Compound 810 to give the title compoimd as an orange solid (0.018 g, 
14% yield). ^HNMR (300 MHz, CDCI3) & 7.78 (IH, dd, J = 8.05, 2.56 Hz), 
7.59-7.54 (IH, m), 7.36-729 (IH, m), 5.35 (2H, s), 4.25 (2H, s), 3.83 (3H, s), 3.60 

15 (2H, t, J = 6.95 Hz), 3.22 (3H, s), 2.43 (2H, t, J = 6.95 Hz), 2.00-1.96 (2H, m). 
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EXAMPLE 98 

Compound 819: 4-Hvdroxv-l-f2-morpholin-4-vl-ethvl)-5-oxo-25-dihvdro- 

IH-pyrrole-S-carboxylic add (4-fluoro-2-me1hylsulfanvl-benzyl)-methoxy- 
amide 

5 




2-(2,2-Dimethyl-5-oxo-[l^]dioxolan-4-ylidene)-N-(4-fluoro-2- 
nietiiylsulfanyl-benzyl)-N-methoxy-acetamide was reacted with 

10 paraformaldehyde and 2-morpholin-4-yl-ethylainine using the metiiod 

described for the preparation of Compoimd 767 to give the title compotmd as 
a white soHd (0.012 g, 18% yield). iHNMR (300 MHz, CDCI3) 5: 7.27-7.22 
(IH, m), 6.94 (IH, dd, J = 9.51, 2.56 Hz), 6.83 (IH, td, J = 8.42, 2.56 Hz), 4.95 
(2H, s), 4.28 (2H, s), 3.97-3.75 (8H, m), 3.68 (3H, s), 3.40 (2H, t, J = 5.85 Hz), 

15 2.95 (2H, bs), 2.49 (3H, s). 



EXAMPLE 99 

Compound 820: 4-Hvdroxv-l-r2-hvdroxv-ethvl)-5-oxo-25-dihvdro-lH- 
PVTrole-3-carbox ylic acid (4-fluoro-2-benzvD-methoxy-aimde 

20 
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2-(2>Dimetivyl-5<>xo-Il^ldioxolan-4-ylidene)-N-(4-fluoro-2- 
methylsiil^yl-benzyl)-N-methoxy-acetaimde was reacted with 
parafoimaldehyde and amino-ethanol using the metitiod described for the 
synthesis of Compound 767 to give the title compoimd as a yellow oil (0.021 
5 g, 56% yield). iHNMR (300 MHz, MeOD) 5: 7.35-7.29 (IH, m), 7.08 (IH, d J 
= 8,05 Hz), 6.92-6.84 (IH, m), 4.99 (2H, s), 4.39 (2H, s), 3.76-3.70 (5H, m), 3.63- 
360 (2H, m), 2.51 (3H, s). 



EXAMPLE 100 

10 Compovuid 821; 4-Hydroxy-l-(2-morpholin-4-yl-ethyl)-5-oxo-2^-dihydro- 
lH-pyrrole-3-carboxylic acid (4-fluoro-2-methanesulfinyl-benzyl')-methoxy- 
amide 




15 

2-(2,2-Dimethyl-5-oxo-[l,2]dioxolan-4-ylidene)-N-(4-fluoro-2- 
inethanesulfinyl-benzyl)-N-methoxy-acetcimide was reacted with 
paraformaldehyde and 2-morpholin-4-yl-ethylamine using the method 
described for tiie preparation of Compound 767 to give the title compoimd as 
20 a yellow soHd (0.045 g, 99% yield). ^HNMR (300 MHz, MeOD) 5: 7.27 (IH, 
dd, J = 8.42, 2.56 Hz), 7.62 (IH, dd, J = 8.79, 5.49 Hz), 7.32 (IH, td, J = 8.41, 2.93 
Hz), 5.06 (2H, s), 4.03-3.92 (4H, m), 3.83 (3H, s), 3.80-3.63 (4H;, m), 3.51-3.46 
(2H, m), 3.19 (2H, bs), 2.84 (3H, s). 
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EXAMPLE 101 



Compound 822: 4-Hydroxy-l-(2-hydroxy-ethyl)-5-oxo-23-dihydro-lH- 
pyrrole-3-carboxylic add (4-fluoro-2-methanesul&nyl-benzyl)-methoxy- 
amide 



2-(2>Dimethyl-5-oxo-[13]dioxolan-4-ylidene)-N-(4-fluoro-2- 
mefhanesuHonyl-bervzyl)-N-methoxy-acetarnide was reacted with 

10 paraformaldehyde and amino-ethanol using the method described for the 
preparation of compoxmd 767 to give tlie title compoimd as a colorless oil 
(0.015 g, 40% yield). iRNMR (300 MHz, MeOD) 5: 7.71 (IH, dd, J = 8.78, 2.93 
Hz), 7.61 (IH, dd, J = 8.78, 5.12 Hz), 7.31 (IH, td, J = 8.42, 2.56 Hz), 5.05 (2H, 
d, J = 9.15 Hz), 4.38 (2H, s), 3.81 (3H, s), 3.74 (2H, t, J = 5.12 Hz), 3.60 (2H, t, J = 

15 5.49 Hz), 2.84 (3H, s). 



5 




OH 
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EXAMPLE 102 



Compotind 823: 4-Hydroxy-l-(2-morpholin-4-yl-ethylV5-oxo-2^K^ 
IH-pyrrole-S-carboxylic add f4-fluQro-2-methanesiilfonyl-benzyl)-'methoxy- 
amide 



2-(2>Dimethyl-5-oxo-[l^]dioxolan-4-'ylidene)--N-(4-fluoro-2- 
methanesiiHonyl-benzyl)-N-methoxy-acetainide was reacted with 

10 paraformaldehyde and 2-morpholin'4-yl-ethylamine using the method 

described for the prepsuration of compoimd 767 to give the title compound as 
a white soUd (0.021 g, 45% yield). ^HNMR (300 MHz, MeOD) 5: 7.75 (IH, 
dd, J = 8.78, 2.93 Hz), 7.63-7.54 ( 2H, m), 5.34 (2H, s), 4.29 (2H, s), 4.01-3.99 
(2H, m), 3.84-3.81 (2H, m), 3.77 (3H, s), 3.63-3.45 (6H, m), 3.39 (3H, s), 3.16- 

15 3.08 (2H, m). 



5 
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EXAMPLE 103 

Compound 824: 4*Hydroxy-l-(2-hydjoxy-ethyI)-5-ox(>"2^<Lihy 
pyrrole-S-carboxylic acid (4-fluorO'2-methanesulfonyl-'ben2yl)-methoxy" 
amide 




2-(2>Dime%l-5-oxo-[l,3]dioxolan-4-yUdene)-N-(4-£luoro-^^ 
methanesiilf onyl-'benzyl)-N-methoxy-acetaixude was reacted vsrititi 

10 paraformaldehyde and amino-ethanol using the method described for the 
preparation of compound 767 to give tiie title compound as a colorless oil 
(0.100 g, 25% yield). ^HNMR (300 MHz, MeOD) 5: 7.77 (IH, dd, J = 8.42, 2.56 
Hz), 7.66 (IH, dd, J = 8.79, 5.13 Hz), 7.45 (IH td, J = 8.42, 2.93 Hz), 5,41 (2H, s), 
4.46 (2H, s), 3.84 (3H, s), 3.76 (2H, t, J = 5.12 Hz), 3.63 (2H, t, J = 5.13 Hz), 3.28 

15 (3H, s). 



EXAMPLE 104 

Compound lQ4rA: N'(3.4-Dichloro-benzvlV2-(2,2-dimethyl-5-oxo- 
F1.31dioxolan-4-ylideneVacetamide 




To a stirred suspension of 3,4-dichlorobenzylamine (17.6 mg, 0.1 
mmol) and resin bound moipholine (100 mg, 2.5-4.0 mmol/1 g) in CH2CI2 (2 
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mL) was added (2,2-<iimethyl-5K)xo-[l,3]dioxolan-4-yUdene)-acet^^ chloride 
(20 mg, 0.11 mmol) and the mixture stirred for 1 h. The mixture filtered and 
the filtrate concentrated to give the product as a white solid (33 mg, 100% 
yield). iH NMR (500 MHz, CDCI3) 5: 7.39 (2H, m), 7.15 (IH, m), 6.60 (IH, s), 
5 5.89 (IH, s), 4.50 (2H, d, J = 6.0 Hz), 1.74 (6H, s). MS calcd for Ci4Hi4Cl2N04 
[M+H]+: 330.03; found: 330.1 

Compound 104-B: Methylene-(2-morpholin-4-yl-ethylVamine 



2-Aminoethanol (0.8712 g, 10.0 mmol) and paraformaldehyde (0.3 g, 
10.0 mmol) were stirred in methanol (50 mL) at 55° C until the solids 
dissolved (approximately 20 min). The solution was cooled and used 
15 without further purification 

Compound 825: 4-Hydroxy-l'(2-morpholin-4-yl-ethylV5K)xo-2^Kiihydro- 

lH'-pyrrole-3<arboxylLc acid 3,4-dichloro-benzylamide 



A mixture of N-(3,4-dichloro-benzyl)-2-(2,2-dimethyl-5-oxo- 
[l,3]dioxolan'4-ylidene)-acetamide (66 mg, 0.2 mmol) and a 0.2 mmol 
solution of methylene-(2-morpholin-4-yl-ethyl)-amine in methanol (1.5 mL, 




10 



20 




wo 2004/004657 



PCTAJS2003/021371 



10 



15 



267 

0.3 nunol) was heated at 70 for 1.5 h. The reaction mixture was then 
cooled to room temperature and purified by preparative HPLC using 
methanol/ water (0.1% TP A) as eluent. The fractions containing the product 
were combined and concentrated to give a white powder (233 mg, 22% 
yield). iR NMR (500 MHz, DMSO) 6: 9.50 (IH, br s), 8.08 (IH, t J = 6.2 Hz), 
7.59 (IH, d, J = 8.2 Hz), 7.53 (IH, d, J = 1.8 Hz), 7.28 (IH, dd, J = 8.2, 1.8 Hz), 
4.42 (2H, d, J = 6.1 Hz), 4.04 (2H, s), 4.02-3.95 (2H, m), 3.81-3.77 (2H, m), 3.73- 
3.37 (6H, m), 3.15-3.06 (2H, m). HRMS calcd for C18H22CI2N3O4 (M+H): 
414.09875; found: 414.0987. 



EXAMPLE 105 

Compoimd 105-A: N-(35-Difluoro-benzvlV2-(2^-dimethyl-5-oxo- 
ri3]dioxolan-4-ylidene)-acetamide 




To a stirred suspension of 3,4-difluorobenzylamine (0.43 mg, 0.3 
mmol) and resin boimd morpholine (200 mg, 2.5-4.0 mmol/1 g) was added a 
solution of (2,2-dimethyl-5-oxo-[13]dioxolan-4-ylidene)-acetyl chloride (60 
20 mg, 0.31 mmol) in CH2CI2 (3 mL) and the mixture stirred for 1 h. The 
mixture was filtered and the fQtrate concentrated to give the product as a 
white soUd (85 mg, 95% yield). MS calcd for Ci4Hi3F2N04Na (M+Na): 320.29; 
found: 320.27. 
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Compound 826: 4-Hvckoxy-l-(2-morpholin-4-yl-ethylV5<>xo-23-^^ 
lH-pyrrole-3-carboxylic add 33-ciifluoro-benzylainide 




5 

A mixture of N-(3,5-difluoro-beiizyl)-2-(2,2-dimethyl-5-oxo- 
[l^]dioxolan-4-ylidene)-acetamide (60 mg, 0.2 mmol) and a 0.2 mmol 
solution of mefhylene-(2-morpholin-4-yl-ethyl)-amine in methanol (1.25 mL, 
0.25 mmol) was heated at 70 °C for 1 h. The reaction mixture was cooled to 

10 room temperature and purified by preparative HPLC using methanol/water 
(0.1% TFA) as the duent. The fractions containing the product were 
combined and concentrated to give the title compound as a white powder (22 
mg, 22% yield). NMR (500 MHz, DMSO) 5: 11.95 (IH, br s), 9.54 (IH, br s), 
8.08 (IH, t, J = 6.1 Hz), 7.12-7.08 (IH, m), 7.00-6.94 (2H, m), 4.45 (2H, d, J = 6.1 

15 Hz), 4.05 (2H, s), 4.02-3.94 (2H, m), 3.83-3.77 (2H, m), 3.69-3.38 (6H, m), 3.16- 
3.05 (2H, m). HRMS calcd for C18H20F2N3O4 (M-H): 380.1422; found: 380.1422. 

EXAMPLE 106 

Compound 106-A: 2-(2,2-Dimethyl-5-oxo-ri^1dioxolan-4-ylidene)-N-(4- 
20 fluoro-benzvD-acetamide 
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To a Stirred suspension of 4-£luorobenzylainine (37.5 mg, 0.3 mmol) 
and resin bound moipholine (200 mg, 2.5-4.0 mmol/1 g) was added a 
solution of (2,2-dimethyl-5-oxo-[l^]dioxolan-4-ylidene)-acetyl chloride (60 
mg, 0.31 nunol) in CH2CI2 (3 mL) and the mixture shaken for 1 h. The 
5 mixture was filtered and the filtrate concentrated to give the title product as a 
white soUd (84.4 mg, 100% yield). MS calc for C14H14FNO4 (M+Na): 302.29; 
foimd: 302.29. 

Compound 827: 4-Hvdroxy-l-(2-morpholin-4"yl"ethyl)-5-oxo-2^dihydrO' 
10 lH-pyrrole-3-carboxylLc add 4-fluoro-ben2ylamide 




A mixture of 2-(2,2-dimethyl-5-oxo-[l,31dioxolan-4-ylidene)-N-(4- 
15 fluoro-ben2yl)-acetamide (77 mg, 0.275 mmol) and a 0,2 mxriol solution of 

methylene-(2-morpholin-4-yl-ethyl)-ainine in methanol (1.5 mL, 0. mmol) was 
heated at 70 ^'C for 1 h. The reaction mixtture was cooled to room 
temperature and pvirified by preparative HPLC using methanol/ water (0.1% 
TFA) as the eluent. The fractions containing the product were combined and 
20 concentrated to give the title compound as a pale yellow powder (42 mg, 32% 
yield).iH NMR (500 MHz, DMSO) 5: 11.92 (IH, br s), 9.48 (IH, br s), 7.95 (IH, 
t, J = 4.9 Hz), 7.34-7.31 (2H, m), 7.17-7.13 (2H, m), 4,42 (2H, d, J = 4.9 Hz), 4.04 
(2H, s), 4.01-3.95 (2H, m), 3.80-3.77 (2H, m), 3.66-3.39 (6H, m), 3.15-3.06 (2H, 
m). HRMS calcd for C18H21FN3O4 (M+H): 362.1516; found: 362.1505. 
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EXAMPLE 107 



Compotmd 107-A: N-f3.4-DifIuoro-benzvl)-2'(22-dimethvl-5-oxo- 

f 1 31dioxolan-4-ylidene)-acetainide 



O O 



5 



To a stirred siispension of 3,4-difluorobenzylarniiie (0.43 mg, 0.3 
mmol) and resin boimd morpholine (200 mg, 2.5-4.0 mmol/1 g) was added a 
solution of (2,2-diinethyl-5-oxo-[l^ldioxolan-4-ylidene)-acetyl chloride (60 
10 mg, 0.31 mmol) in CH2CI2 (3 mL) and the mixture stirred for 1 h. The 

mixture was filtered and the filtrate concentrated to give the title product as a 
white solid (81.8 mg, 92% yield). MS calcd for Ci4Hi3F2N04Na (M+Na): 
320.29; foimd: 320.27. 

15 Compound 828: 4-Hydroxy-l-(2"morpholin-4-yl-ethyl)«5-oxo-2/5-dihydro- 
lH"pyrrole-3-carboxylic add 3.4-difluoro-benzylamide 




20 



A mixture of N-(3,4-difluoro-benzyl)-2-(2,2-dimefliyl-5-oxo- 
[l,3]dioxolan-4-ylidene)-acetamide (58 mg, 0.195 nunol) and a 0.2 mmol 
solution of methylene-(2-morpholin-4-yl-ethyl)-amine in methanol (1.1 mL, 
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0.22 mmol) was heated at 70 °C for 1 h. The reaction mixture was cooled to 
room temperature and purified by preparative HPLC using methanol/ water 
(0.1% TFA) as the eluent. The fractions containing the product were 
combined and concentrated to give the title compound as a hydroscopic 
5 yellow powder (30 mg, 31% yield). iR NMR (500 MHz, DMSO) 8: 11.95 (IH, 
br s), 9.56 (IH, br s), 8.03 (IH, t, J = 6.1 Hz), 7.41-7.30 (2H, m), 7.15-7.12 (IH, 
m), 4.41 (2H, d, J = 6.1 Hz), 4.04 (2H, s), 4.02-3.93 (2H, m), 3.82-3.77 (2H, m), 
3.65-3.51 (4H, m), 3.45-3.41 (2H, m), 3.15-3.06 (2H, m). HRMS calcd for 

* 

C18H20F2N3O4 (M+H): 380.1422; found: 380.1424, 

10 

EXAMPLE 108 

Compound 108- A: f3,4'DicMoro-beiizyl)-isopropyl-aiiiine: compound 
hydrochloride 




To a stirred solution of 3,4-dichlorobenzaldehyde (3.50g, 20 mmol) and 
isopropylamine (2.40g;, 40 mmol) ia methanol (20 mL) was added a freshly 
prepared solution zinc chloride (1.36g, 10 mmol) and sodium 

20 cyanoborohydride (1.25g, 20 mmol) in methanol (50 mL) at room 

temperature. The resulting clear reaction mixture was stirred overnight, then 
concentrated. The residue was taken up into aq NaOH (0.2N, 100 mL), 
extracted with ethyl acetate (3 X 100 mL). The combined organic extracts 
were dried over Na2S04, filtered and concentrated to give viscous yellow oil. 

25 The residue was dissolved into ether and converted to hydrochloride salt 
(4.75 g, 93% yield). NMR (500 MHz, DMSO) 5: 9.54 (2H, s), 8.00 (IH, d. 
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J=2 Hz), 7.70 (IH, d, J=8 Hz), 7.65 (IH, m), 4.13 (2H, t, J=6 Hz), 3.25-3.22 (IH, 
m), 1.30 (3H, d, J=6.5 Hz). MS calcd for C10H14C12N (M+H): 218.04; found: 
218.04. 



5 Compotmd 108-B: N-^3.4-Dichloro-benzyl)-2-(2;2-dimethyl-5-oxo- 
fl3ldioxolan-4-yIidene)-N-isopropyl-acetamide 




10 To a stirred nuxture of (3,4-dichloro-benzyl)-isopropyl-airune; 

compound hydrochloride (260 mg, 1.024 mmol) and (2,2-dicne1hyl-5-oxo- 
[i;3]dioxolan-4-ylidene)-acetyl chloride (190 mg, 1.0 mmol) in CH2Ck (20 mL) 
at room temperature was added diisopropyletiiylamine (350 pL, 2.0 mmol). 
After 30 min, the reaction mixtvire was diluted with ethyl acetate (50 mL), 

15 washed with dilute aqueous HQ (1X5 mL), water (1 X 10 mL), and 

saturated aq. NaCl (1X5 mL). The organic layer was dried over Na2S04, 
filtered and concentrated to give viscous yellow oil. Purification on a silica 
gel column using hexanes/ ethyl acetate (3:2) gave pure product as a viscous 
yellow oil (372 mg, 93% yield). ^H NMR (500 MHz, CDCk) S: 7.41-730 (2H, 

20 m), 7.11 (0.67H, d, J = 10.1 Hz), 7.10 (0.33H, d, J = 10.1 Hz), 6.22 (0.67H, s), 
5.87 (0.33H, s), 4.87-4.81 (0.33H, m), 4.51 (1.34H, s), 4.47 (0.66H, s), 4.30-4.24 
(0.67H, m), 1.73 (4H, s), 1.71 (2H, s), 1.21 (4H, d, J = 6.2 Hz), 1.11 (2H, d, J = 6.7 
Hz). MS calcd for C17H20CI2NO4 (M+H): 372.24; found: 372.18. 



25 
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Compound 829: 4-HvdrQxv-l-(2'mQrpholin-4-yl-^thvlV5K) xo-25-^ 
lH'pvrrole-3-carboxylic acid (3.4KHcMorO'benzylVisopropyl-ainide 




Compound 829 was prepared according to the methods described in 
the previous examples to yield 217 mg (47% yield) of the title compound as 
the corresponding TFA salt NMR (300 MHz, DMSO) 5: 11.02 (IH, s), 9.62 
(IH, br s), 7.57 (IH, d J = 8.1Hz), 7.48 (IH, s), 7.22 (IH, d, J = 7.7 Hz), 4.55 
10 (2H, s), 4.33-4.24 (IH, br m), 4.11 (2H, s), 4.02-3.96 (2H, br m), 3.77 (2H, s), 
3.64-3.54 (4H, m), 3.42 (2H, br s), 3.19-3.04 (2H, br m), 1.12 (6H, d, J = 6.6 Hz). 
HRMS calcd for C21H28CI2N3O4 (M+H): 456.1457; found: 456.1470 



EXAMPLE 109 

15 Compound 109-A: (3.4-Dichloro-benzvlW3-phenvl- prQpvlVanune; 
hydrochloride 




CI 



20 



To a stirred solution of 3,4-dichlorobenzaldehyde (3.50g, 20 mmol) and 
3-phenylpropylamine (5.40g, 40 mmol) in methanol (20 mL) was added a 
freshly prepared solution of zinc chloride (1.36g, 10 mmol) and sodium 
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cyanoborohydride (1.25g, 20 mmol) in methanol (50 mL) at room 
temperature. The resulting clear reaction mixture was stirred overnight, then 
concentrated. The residue was taken up into aq NaOH (0.2N, 100 mL) and 
extracted with ethyl acetate (3 X 100 mL). The combined organic extracts 
5 were dried over Na2S04, filtered and concentrated to give a viscous yellow 
oil. The residue was ptirified on silica gel colimin using 30-40% ethyl acetate 
in hexanes. The product was dissolved in Et20 and treated with HCl (in 
ether) to form the corresponding hydrochloride salt as a precipitate which 
was isolated by filtration (5.40 g, 98% yield). iR NMR (500 MHz, DMSO) 5: • 
10 9.66 (2H,s), 7.94 (IH, d, J = 2.0 Hz), 7.69 (IH, d, J = 8.5 Hz), 7.59 (IH, m), 7.30- 
7.18 (5H, m), 4.13 (2H, s), 2.89-2.5 (2H, br s), 2.65 (2H, t, J = 7.5 Hz), L99 (2H, 
m). MS calcd for C16H17CI2N (M+1): 294.08; found: 294.08. 

Compound 109-B: N-(3,4-Dichloro-benzvl)-2-(22-dimethvl-5-oxo- 
15 [1^1dioxolan-4-ylidene)-N-(3-phenvl-propvl)-acetamide 




CI 



To a stirred mixture of (3,4-dichloro-benzyl)-(3-phenyl-propyl)-amine; 

20 hydrochloride (330 mg, 1.0 mmol) and (2,2-dimethyl-5-oxo-[l,3]dioxolan-4- 
ylidene)-acetyl chloride (206 mg, L08 nunol) in CH2CI2 (10 mL) at room 
temperature was added diisopropylethylamine (386 jiL, 2.2 mmol). After 30 
min, the reaction mixture was diluted with ether (50 mL), washed with dilute 
aqueous HQ (1 X5 mL), water (1 X 10 mL), and saturated aq. NaQ (1X5 

25 mL). The organic layer was dried over Na2S04, filtered and concentrated to 
give the desired amide (447 mg, 100% yield) as a viscous oil. ^H NMR (300 
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MHz, CDCI3) 5: 7.41-6.94 (8H, m), 6.08 (0.66H, s), 6.01 (0.34H, s), 4.53 (1.33H, 
s), 4.48 (0.67H, s), 3.41 (0.67H, t, J = 7.5 Hz), 326 (1.33H, t, J = 7.8 Hz), 2.61 
(2H, t, J = 7.3 Hz), 1.95-1.85 (2H, m), 1.71 (6H,s). MS calcd for 
C23Ha3Cl2N04Na (M+Na): 470.09. Found: 470.09 



Compotind 830: 4-Hydioxy-l-(2-morpholin-4-yl-ethylV5-oxo-25-dihvdro- 
lH-pyrrole-3-carboxylic add (3,4-dichloro-benzyD-(3-pheiiyl-propyl)-aimde 



tiie previous examples to yield 207 mg (38% yield) of the title compound as 
the corresponding TFA salt. iHNMR (500 MHz, DMSO-d6) 6: 11.04 (lH,s), 
9.64 (IH, s), 7.59 (IH, d, J = 8.2 Hz), 7.50 (IH, s), 7.28-7.21 (3H, m), 7.17-7.11 
15 (3H, m), 4.63 (2H, s), 4.07 (2H, s), 4.04-3.96 (2H, br s), 3.79-3.73 (2H, br s), 3.68- 
3.51 (4H, br m), 3.46-3.35 (4H, br m), 3.28 (IH, br s), 3.16-3.05 (2H, br s), 1.88- 
1.71 (2H, br s). HRMS calcd for C27H32CI2N3O4 (M+H): 532.1770; found : 
532.1758. 



5 




10 



Compound 830 was prepared according to the methods described in. 
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EXAMPLE 110 

Compoimd 110-A: (3.4-Dic±doro-benzyl)-(3-methyl-butyl)-ajnin 
hydrochloride 




5 CI 

To a stirred solution of 3,4-dichlorobenzaldehyde (3.50g, 20 rrunol) and 
3-methylbutylaiiiine (2.62g, 40 mmol) in methanol (20 mL) was added a 
freshly prepared solution zinc chloride (1.36g, 10 mmol) and sodium 

10 cyanoborohydride (1.25g, 20 mmol) in methanol (50 mL) at room 

temperature. The resulting dear reaction mixture was stirred oveniight, then 
concentrated. The residue was taken up into aq NaOH (0.2N, 100 mL), 
extracted with ethyl acetate (3 X 100 mL). The combined organic extracts 
were dried over Na2S04, filtered and concentrated to give viscous yellow oil. 

15 The residue was purified on silica gel column using 1:4, 3:7 and 2:3 ethyl 
acetate/hexanes as eluent. The product was dissolved in EtiO and treated 
with HQ (in ether) to form ttie corresponding hydrochloride salt as a 
precipitate which was isolated by filtration (4.924 g, 73% yield). NMR (500 
MHz, DMSO) 5: 9.57 (2H,s), 7.95 (IH, d, J=2 Hz), 7.70 (IH, d, J=8.5 Hz), 7.60 

20 (IH, m), 4.13 (2H, s), 2.87-2.85 (2H, br m), 1.63-1.54 (3H, m), 0.86 (6H, d, J=6.5 
Hz). MS calcd for C12H18CI2N (M+H): 246.08; found: 246.31. 
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Compoiand IIQ-B: N-(3.4-Dichloro-benzvlV2-(2,2-dimethvl-5-oxo- 



fl31dioxolan-4-yKdene)-N-(3'methyl'butyl)-acetam 




o oV 



o 



CI 



CI 



5 



To a stirred mixture of (3,4KlicWoro-benzylH3-ii^eti^yl-butyl)-amiiie 
hydrochloride (283 mg, 1.0 mmol) and (2;2-diinethyl-5-oxo-[l^]dioxolan-4- 
ylidene)-acetyl chloride (206 mg, 1.08 mmol) in CH2CI2 (10 mL) at room 
temperature was added diisopropylethylamine (386 iiL, 2.2 mmol). After 30 
10 min, the reaction mixture was diluted with ether (50 mL), washed witii dilute 
aqueous HCl (1X5 mL), water (1 X 10 mL), and saturated aq. NaCl (1X5 
juL). The organic layer was dried over Na2S04, filtered and concentrated to 
give viscous yellow oil. Purification on a Silica gel coltimn using 
hexanes/ethyl acetate (20-40% EtOAc) as the eluent gave the tide compound 



15 as a viscous yellow oil (400 mg, 100% yield). NMR (500 MHz, CDCb) S: 
7.42-7.26 (2H, m), 7.11 (0.67H, d, J = 8.2 Hz), 7.01 (0.33H, d, J = 8.2 Hz), 6.14 
(0.67H, s), 6.00 (0.33H, s), 4.56 (1.34H, s), 4.52 (0.66H, s), 3.39-3.36 (.67H, m), 
3.29-3.26 (1.33H, m), 1.74 (4H, s), 1.70 (2H, s), 1.59-1.50 (IH, m), 1.47-1.42 (2H, 
m), 0.90-0.88 (6H, m). MS calcd for Ci9Ha4ChN04 (M+H): 400.1; found: 

20 400.07. 
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Compound 831; 4-Hydroxv-l-(2-morpholin-4-vl-ethvlV5s3xo-25-dihvdio- 
lH-pyrrole-3-carboxylic acid (3,4-dichloro-beiizylH3-methvl-bu1yl)-ainide 



the corresponding TFA salt. ^HNMR (500 MHz, DMSO-d6) & 11.08 (IH, s), 
9.73 (IH, 8), 7.61 (IH, d, J = 8.2 Hz), 7.52 (IH, s), 7.25 (IH, br s), 461 (2H, s), 
10 4.11 (2H, s), 4.05-3.95 (2H, br m), 3.78 (2H, br s), 3.70-3.48 (4H, m), 3.46-3.31 
(4H, br m), 3.26 (IH, br s), 3.17-3.02 (2H, br m), 1.57-1.27 (3H, br m), 0.80 (6H, 
br s). HRMS calcd for C23H32C12N304 (M+H): 484.177; found: 484.1793. 

EXAMPLE 111 

15 Compound 832: 4-Hvdroxv-5-oxo-l-r2-(tetrahvdro-pvran-4-vl )-ethvn-23- 
dihydro-lH-pvrrole-3-carboxylic add (3.4-dichloro-benzylVmethvl-amide 




Compound 831 was prepared according to the methods described in 
the previoxis examples to yield 213 mg (38% 3deld) of the titie compound as 




wo 2004/004657 PCTAJS2003/021371 

279 

A mixture of parafonnaldehyde (18 mg, 0.563 mmol) and 4-(2- 
aminoethyl)tetrahydropyran (65 mg, 0.5 nunol) in anhydroxis methanol (3 
mL) was warmed to 60 °C. To the resulting clear homogeneous solution was 
added N-(3,4KiicWoro-benzyl)-2-(2,2Kiimethyl-5-oxo-[l,3]dio 

5 ylidene>-N-methyl-acetamide (172 mg, 0.5 mmol) and stirring continued for 
18h at 60 °C and an additional 6h at room temperature. The crude reaction 
mixture was purified by preparative HPLC on a CIS colimm using 
water/methanol (0.1% TFA) as the eluent. The fractioits containing the 
desired product were combined, the methanol removed under vacuum and 

10 the remaining aqueous solution extracted with ethyl acetate. The combined 
ethyl acetate extracts were dried over anhydrous Na2S04, filtered and 
concentrated to give the title compound as a white solid (164 mg, 77% yield). 
iHNMR (500 MHz, CDCI3) 5: 10.15 (IH, br s), 7.41 (IH, d, J = 8.2 Hz), 7.35 
(IH, s), 7.11 (IH, d, J = 8.2 Hz), 4.60 (2H, s), 4.13 (2H, s), 3.93 (2H, dd, J = 11, 

15 3.7 Hz), 3.54 (2H, t, J = 7.1 Hz), 3,34 (2H, t, J = 11.9 Hz), 3.03 (3H, s), 1.65-1.24 
(7H, m). HRMS calcd for C20H25CI2N2O4 (M+H): 427.1191; found: 427.1179. 



EXAMPLE 112 

Compound 833: 4"Hydroxv-5-oxo-l-(2-auomorpholia-4-yl-ethyl)'23- 
20 dihydro-lH-pyrrole-3-carboxylic add (3.4rdichloro-benzylVmethvl-amide 



25 



A mixture of paraformaldehyde (56 mg, 1.75 mmol) and l-(2- 
aminoethyl)thiomorpholine (219 mg, 1.5 mmol) in anhydrous methanol (5 
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mL) was warmed to 60 "C. To the resxilting dear homogeneous solution was 
added NK3,4-dichloro-benzyl)-2-(2^-<iimethyl-5K)XO-[131dioxolan-4- 
ylidene)-N-methyl-acetamide (516 mg, 1.5 mmol) and stirring continued for 
18h at 60 °C and an additional 6h at room temperature. The crude reaction 

5 mixture was purified on CIS column using water/ acetonitrile (contains 
0.05% TFA) as the eluent. The fractions containing ttie desired product were 
combined, concentrated and lyophilized to give the corresponding TFA salt 
of the title compound as a white solid (555 mg, 66% yield). iHNMR (500 
MHz, DMSO-d6) 5: 11.10 (IH, s), 9.53 (IH, br s), 7.62 (IH, d, J = 8.2 Hz), 7.50 

10 (IH, s), 7.28-7.20 (IH, br s), 4.59 (2H, s), 4.12 (2H, s), 3.85-3.73 (4H, m), 3.45- 
337 (2H, br s), 3.25-3.14 (2H, br m), 3.02-2.95 (2H, br m), 2.94-2.85 (4H, br m). 
HRMS calcd for CwHziClaNsOsS: 444.0915; found: 444.0909. 



EXAMPLE 113 

15 Compotmd 834: 4-Hvdroxv-l-r2-(2-hvdroxv-ethvlamino^-et hvll-5-oxo-25- 
dihydro-lH-pvrrole-3-carboxvlic add (3.4-dichloro-benzvlV-met hyl-amide 



20 A mixture of paraformaldehyde (18 mg, 0.563 mmol) and 2-(2- 

arninoethylammo)ethanol (54 mg, 0.5 mmol) in anhydrous methanol (3 mL) 
was warmed to 60 ^C. To the resulting dear homogeneoiis solution was 
added N-(3,4-dicWoro-benzyl)-2-(2,2Kiimethyl-5K)xo-[l,3ldioxol^ 
ylidene)-N-methyl-acetamide (175 mg, 0.5 mmol) and the mixture stirred for 

25 30 min at 60 °C. The crude product was pxirified by preparative HPLC on a 
C18 column using water/methanol (0.1% TFA) as the eluent. The fractions 
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conlaiiuiig the desired product were combined, conceatrated and lyophilized 
to give the corresponding TFA salt of the title compound as a white powder 
(156 mg, 61%.yield). ^HNMR (500 MHz, CDOa) 5: 9.08 (2H, br s), 7.39 (IH, d, 
J = 8.2 Hz), 7.32 (IH, s), 7.08 (IH, d, J = 8.2 Hz), 4.55 (2H, s), 4.24 (2H, s), 3.93- 
5 3.80 (5H, br m), 3.40 (2H, br s), 3.21 (2H, br s), 2.98 (3H, s). HRMS calcd for 
C17H22CI2N3O4 (M+H): 402.0987; found: 402.1311 

EXAMPLE 114 

Compound 835: 4-Hydroxy-5-oxo-l-f2-(l-oxo-lX^thiomorpholin-4-yl)-etiiyl1- 
10 2^-dihydro-lH-pyrrole-3-carboxylic add (3.4-dichloro-benzyl)-mfithyl-amide 




0 

II 

o 

To a stirred solution of 4-hydroxy-5-oxo-l-(2-thiomorpholin-4-yl- 
ethyl)-2,5-dihydro-lH-pyrrole-3-carbo3qrlic add (3,4-dichloro-benzyl)- 
methyl-amide (108 mg, 0.243 mmol) in water (20 mL) was added 30% 
hydrogen peroxide (0.3 mL). After stirring overnight the reaction mixture 
was lyophilized to give the title compound as a white powder. ^HNMR (500 
MHz, CDOs) 5: 7.42 (IH, d, J = 8.5 Hz), 7.34 (IH, s), 7.10 (IH, d, J = 8.2 Hz), 
4.59 (2H, s), 4.28 (2H, s), 3.89 (2H, t, J = 5.8 Hz), 3.74-3.70 (2H, m), 3.63 (2H, t, J 
= 11.9 Hz), 3.29-3.24 (2H, m), 3.18 (2H, t, J = 11.9 Hz), 3.07-2.99 (2H, m), 3.01 
(3H, s). HRMS calcd for Ci9Ha4Cl2N304S (M+H): 460.0865; found: 460.0884. 

\ 



15 



20 
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EXAMPLE 115 



Compound 836; f(2-f4-r(3.4-Didiloro-beiizvD-methyl-carbamov I1-3-hvdroxv- 
2-Kixo-25<iihydTO-pvrrol-l-vlt-ethvlW2-hvdroxv -ethvlVaii^ 

methyl ester 



To a stirred warm (approximately 60 °C) solution of 2-(2- 
aminoethylamino)ethanol (104 mg, 1.0 mmol) and paraformaldehyde (32 mg, 

10 1.0 mmol) in anhydrous methanol was added N-(3,4-dichloro-benzyl)-2-(2,2- 
dimethyl-5-oxo-[l^]dioxolan-4-ylidene)-N-methyl-acetairude (344 mg, 1 
mmol). After 30 min, the mixture was cooled to room temperature and 
methyl bromoacetate (104 jxL, 1.1 mmol) followed by K2CO3 was added. The 
resulting suspension was stirred overnight at 40 °C, then filtered and purified 

15 by preparative HPLC on a C18 column using water /methanol (0.1% TFA) as 
the eluent The fractions containing the desired product were combined, 
concentrated and lyophilized to yield the corresponding TFA salt of the title 
compound as a white powder (248 mg, 42% yield). ^HNMR (500 MHz, 
CDCI3) 5: 7.38 (IH, d, J = 8.2 Hz), 7.32 (IH, s), 7.07 (IH, d, J = 8 Hz), 4.56 (3H, 

20 s), 4.20 (2H, s), 4.01 (2H, s), 3.86-3.78 (4H, m), 3.59-2.55 (2H, m), 3.38-3.34 (2H, 
m), 3.01-2.94 (4H, m), 2.73 (3H, s). HRMS calcd for C20H26CI2N3O5 (M+H): 
474.1199; found: 474.1295. 



5 
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EXAMPLE 116 

Compound 837: 4'(4-r(3.4-DicMoro-ben2yl)-methylKarbamoylV3-h^ 
oxo-23-dihydro-pyrrol"l-yl}-piperidine-l-carboxylic add ethyl ester 



5 




To a stirred warm (60 ""C) solution of ethyl 4-amino-l- 
piperidinecarboxylate (86.1 mg, 0.5 mmol) and paraformaldehyde (16 mg, 0.5 
mmol) in methanol (2 mL) was added N-(3,4-dichloro-benzyl)-2-(2,2- 

4 

10 dimethyl-5<>xo-[13]dioxolan-4-yUdene)-N-methyl-acetamide (175 mg, 0.5 
nunol). After 2 h, the reaction mixture was cooled and purified using 
preparative HPLC on a C18 column using water/meihanol-(0.1% TTA) as the 
eluent. The fractions containing tiie desired product were combined, 
concentrated and lyophilized to give the title compoimd as a white powder 

15 (64 mg, 27% yield). iHNMR (500 MHz, CDCI3) 5: 10.16 (2H, br s), 7.40 (IH, d, 
J = 82 Hz), 7.35 (IH, s), 7.10 (IH, d, J = 8.0 Hz), 4.59 (2H, s), 434-4.18 (3H, m), 
4.13 (2H, q, J = 7.0 Hz), 4.09 (2H, s), 2.06 (2H, s), 2.87-2.80 (2H, br m), 1.82-1.76 
(2H, br m), 1.63-1.55 (2H, m), 1.25 (3H, t, J = 7.0 Hz). MS calcd for 
C21H26CI2N3O5 (M+H): 47036; found: 470.02. 
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EXAMPLE 117 

Compoxmd 838: 4-Hydroxv-5K)xcHl-piperidin-3-yl-2.5-dihy 
carboxylic add f3.4-dicMoro-benzvl)-methyl-amide 



5 




To a stirred warm (60 °C) solution of 3-ammopiperidine 
dihydrochloride (150 mg, 0.867 mmol), paraformaldehyde (34 mg, 1.04 
mmol) and triethylamine (0.3 mL, 2.14 mmol) in methanol (5 mL) was added 

10 N-(3,4-didiloro-benzyl)-2-(2,2-dimethyl-5K)xo-[l^]dioxol^ 

methyl-acetamide (300 mg, 0.872 mmol). After 1 h, the reaction mixture was 
cooled and purified by preparative HPLC using a C18 column and 
water/methanol (0.001 mM HCl) as eluent. The fractions containing the 
desired product were combined, concentrated and lyophilized to give the 

15 corresponding hydrochloride salt of ttie titie compound as a white powder 
(162 mg, 43% yield). ^HNMR (500 MHz, DMSO-d6) 5: 11.06 (IH, br s), 9.35 
(IH, d, J = 10.1 Hz), 9.10-8.99 (IH, m), 7.62 (IH, d, J = 8.2 Hz), 7.52 (IH, s), 
7.29-7.20 (IH, br s), 4.59 (2H, d. Jab = 15.7 Hz), 4.34-3.88 (4H, m), 3.40-2.73 
(6H, m), 1.90-1.74 (4H, m). HRMS calcd for C18H22CI2N3O3 (M+H): 398.1038; 

20 found: 398.1042. 
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EXAMPLE 118 

Compound 839: 4-Hvdroxv-5K)XO-l-(2.2.2-trifluoro-ethvlV-25K^ 



To a stirred warm (60 °C) solution of 2,2,2-trifluoroethylamine 
hydrochloride (100 mg, 1.0 mmol) paraformaldehyde (32 mg, 1.0 mmol) and 
triethylamine (0.14 mL, 1.0 mmol) in methanol (5 mL) was added N-(3,4- 

10 dichloro-benzyl)-2-(2,2-<iimethyl-5<^xo-[13]dioxol^ 

acetamide (344 mg, 1.0 mmol). After 24 h, the reaction mixture was cooled 
and purified by preparative HPLC using a C18 column and water/methanol- 
(0.1% TEA) as eluent. The fractions containing the desired product were 
combined, concentrated and lyophilized to give the title compound as a 

15 white powder (81.4 mg, 21% yield). ^HNMR (500 MHz, CDCI3) 5: 10.05 (IH, 
br s), 7.42 (IH, d, J = 8.2 Hz), 7.36 (IH, s), 7.11 (IH, d, J = 8.2 Hz), 4.60 (2H, s), 
4.32 (2H, s), 4.10 (2H, q, 8.9 Hz), 3.04 (3H, s). HRMS calcd for 
C15H12CI2F3N2O3 (M-H): 395.0177; found: 395.0192. 



pyrrole-3-carboxylic add (3.4-dichloro-benzyl)-methyl-amide 




5 



F 
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EXAMPLE 119 

Compound 840: 4-Hydroxy-5-oxo-l-piperi(iin-4-yl-2.5Kiihy(k 
carboxylic acid (3.4-dichloro4>enzylVmethyl-'aimde 




5 H 

To a stirred warm (60 °C) solution of 4-aminopiperidine (36 mg, 0.25 
mmol) and paraformaldehyde (8 mg, 0.25 mmol) in methanol (1.5 mL) was 
added N-(3,4-dicWoro-benzyl)-2-(2,2Kiimethyl-5<)xo-[l^]dioxolan-^ 

10 ylidene)-N-methyl-acetamide (93 mg, 0.27mmol). After 1 h, the reaction 
mixture was cooled and purified by preparative HPLC on a C18 coliunn 
using water/methanol-(0.1% TFA) as the eluent. The fractions containing the 
desired product were combined, concentrated and lyophilized to give the 
corresponding TFA salt of the title compotind as white powder (46.3 mg, 36% 

15 yield). iHNMR (300 MHz, CDCI3) 5: 9.65 (IH, br s), 9.17 (IH, br s), 7.42 (IH, 
d, J = 8.1 Hz), 7.34 (IH, s), 7.10 (IH, d, J = 8.1 Hz), 4.60 (2H, s), 4.40-4.29 (IH, 
m), 4.20 (2H, s), 3.65-3.52 (2H, m), 310-2.82 (2H, m), 3.04 (3H, s), 2.43-1.97 
(4H, m). HRMS calcd for C18H22CI2N3O3 (M+H): 398.1038; found: 398.1044. 

20 EXAMPLE 120 

Method for the preparation of compounds 857-862 

The general method for the preparation of compounds 857-862 is illustrated 
in Scheme XVI. 
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Compound 120-A; 3. 5-Dichlorobenzvl-methvl amine hv diochloride 



CI 




/ 



NHHCI 



5 



To a stirred solution of 3, 5-dichlorobenzaldehyde (9.0 g, 51 mmol) in 



methanol (100 mL) was added metiwnolic methylamine (2M, 100 mL, 200 
mmol) and the resulting mixture stirred for 2 h at room temperature. To this 
was added a solution of ZnCla (3.402 g, 25 mmol) slowly and NaCNBHa 
(3.142 g, 50 mmol) in methanol (100 mL). After 24 h, the reaction mixture 

10 was concentrated, and the resulting residue taken up in dilute aq NaOH (0.5 
N, 200 mL)and extracted with CH2CI2 (5 X 50 mL). The combined CH2CI2 
extracts were dried over anhydrous Na2S04, filtered and concentrated to give 
a yellow viscous Uqtud. The crude product was dissolved in ether (200 mL) 
to which was added 29 mL of 2N HQ (in ether). The resulting white 3, 5- 

15 dichlorobenzyl-methylamine hydrochloride salt was filtered and dried under 
vacuum to give 1120 g (97% yield) of product. iHNMR (300 MHz, DMS0-d6) 
5: 9.48 (2H, s), 7.68 (3H, s), 4.13 (2H, s), 2.50 (3H, s). MS calcd for C8HioCi2N 
(M+H): 190.02; found: 190.05. 

20 Compound 120-B: N-(35-Dichloro-benzvlV2-(2.2-dimethvl-5-oxo- 
n 31dioxolan-4-vlidene VN-methvl-acetamide 




CI 
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To a stirred solution of (2^-dimethyl-5-oxo-[l^]dioxolan-4-ylidene)- 
acetyl chloride (0.96 g, 5 mmol) in CH2CI2 (20 mL) was added a solution of 3, 
S-dichlorobenzyl-methylamine hydrochloride (1.133 g, 5 mmol) and EtaN (2 
mL) in CH2CI2 (25 mL). The addition flask was rinsed with CH2CI2 (5 mL) 
5 and added to the reaction mixture. After 2 h, the reaction mixture was 
concentrated and the resulting residue was triturated with ether (100 mL), 
fQtered and concentrated to give the desired product as a viscous brown oil 
(1.70 g, 100% yield). ^HNMR (300 MHz, CDCI3) 6: 7.30-7.27 (IH, m), 7.16 
(1.5H, br s), 7.06 (0.5H, s), 6.17 (0.66H, s), 6.07 (0.34H, s), 4.59 (1.33H, s), 453 
10 (0.67H, s), 3.03 (2H, s), 2.97 (IH, s), 1.74 (4H, s), 1.70 (2H,s). 

General Procedure for the preparation of compounds 857-862 

As illustrated in Scheme XVI, a 0.2 mM solution of amine, 1-7, and 
paraformaldehyde in methanol (1 mL) are added to 0.1 mM solution of N- 

15 (3,5-dichloro-berizyl)-2-(2,2-dimethyl-5KJXo-[l,3]dioxola^ 

methyl-acetamide in methanol (2 mL). The mixture is warmed to 60 and 
kept at this temperature until iiie reaction is complete (1-24 h). The reaction 
mixture is purified by preparative HPLC on a C18 coltimn using 
water/methanol-(0.1% TFA) as eluent. The fractions containing the desired 

20 product were combined, concentrated and lyophilized. 

Compotmd 841: 4-Hvdroxy-l-methvl-5-oxo-25-dihvdro-lH-pvrrole-3- 
carboxvlic add (3^-dichloro-ben2yD-methyl-amide 
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Reaction time 1 h. Obtained 47 mg (53% yield). ^HNMR (500 MHz, 
CDCU) 5: 7.29 (IH, s), 7.13 (2H, s), 4.59 (2H, s), 4.16 (2^ s), 3.11 (3H, s), 3.03 
(3H, s). HRMS calcd for Ci4Hi5a2N203 (M+H): 329.04598; found: 329.0456. 

5 Compound 842: l-Ethvl-4-hvdroxv-5-oxo-2^dihvdro-IH-pvrrolp-3- 
caiboxvlic add ('33<iic3xloro-benzyl)-methvl-amide 



10 Reaction time 1 h. Obtained 39.8 mg (44% yield). iHNMR (500 MHz, 

CDCI3) 5: 7.29 (IH, s), 7.14 (2H, s), 4.60 (2H, s), 4.17 (2H, s), 3.36 (2H, q, J = 7.3 
Hz), 3.04 (3H, s), 1.22 (3H, t, J = 7.3 Hz). HRMS calcd for C15H17CI2N2O3 
(M+H): 343.0616; found: 343.0609. 

15 Compound 843: l-(2-Fluoro-ethvl)-4rhvdroxv-5-oxo-25-dihvdro-lH-pvrrole- 
3-carboxvlic add O^S-dichloro-benzvlV meflivl-amide 




CI 



N 




F 



Reaction time 24 h. Obtained 13.6 mg (14% yield). ^HNMR (500 MHz, 
CDCla) 5: 7.29 (IH, s), 7.14 (2H, s), 4.65 (IH, t, J .= 4.6 Hz), 4.59 (2H, s), 4.56 
(IH, t, J = 4.6 Hz), 433 (2H, s), 3.84 (IH, t, J = 4.6 Hz), 3.78 (IH, t, J = 4.6 Hz), 
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3.04 (3H,s). HRMS calcd for C15H14CI2FN2O3 (M-H): 359.0366; found: 
359.0374. 

Compoiind 844: 4-Hydroxy-5K)xo-l-piperidin-4-yl-23Hiihydro-lH-pyrrole-^ 
5 carboxylic add (3,5-dichloro-benzyD-methyI-amide 



Reaction time 1 h. Obtained42.3 mg (41% yieLd) as the corresponding 



10 TFA salt iHNMR (500 MHz, CIXI3) 5: 9.66 (IH, s), 9.17 (IH, s), 7.30 (IH, s), 
7.14 (2H, s), 4.60 (2H, s), 4.37 (IH, m), 4.21 (2H, s), 3.56-3.53 (2H, m), 3.08-3.03 
(2H, m), 3.06 (3H, s), 2.27-2.19 (2H, m), 2.03-1.97 (2H, m). HRMS calcd for 
C18H22CI2N3O3 (M+H): 398.1038; found: 398.1040. 

15 Compound 845: 4-Hydroxy-l-(2-morpholin-4-yl-elhyl)-5-oxo-2^dihydro- 
lH-pyrrole-3-carboxylic acid (3,5-dichloro-benzyl)-methyl-anu.de 



CI 




H 




wo 2004/004657 PCT/US2003/021371 

291 

Reaction time 1 h. Obtained 61.1 mg (56% yield) as the corresponding 
TFA salt iHNMR (500 MHz, .CDCI3) 5: 9.15 (IH, br s), 7.29 (IH, s), 7.12 (2H, 
s), 4.57 (2H, s), 4.28 (2H, s), 4.06-3.72 (8H, m), 3.45-3.37 (2H, br s), 3.00 (3H, s), 
2.98-2.91 (2H, m). HRMS calcd for Ci9H24a2N304 (M+H): 428.1144; found: 
5 428.1135. 

Compound 846: l- (2-Ajnino-ethvl)-4-hvdroxv-5-oxo-2.5-dihvdro-lH-pvrrole- 
3-carboxvlic add (3.5-dichloro-benzyl)-methvl-amide 




10 NH2 



iHNMR (500 MHz, DMSO-d6) 6: 11.01 (IH, s), 7.53 (IH, s), 7.32 (2H, 
s), 4.60 (2H, s), 4.10 (2H, s), 3.64 (2H, t, J = 5.35 Hz), 3.43 (3H, br s), 3.07-3.00 
(4H, m). HRMS calcd for CisHigOaNaOa (M+H): 358.0725; found: 358.0719. 

15 

EXAMPLE 121 

Compound 847: 4- Hvdroxv-l-(2-(dimethvlsulf amide vl-methvl-amino)-ethvlV 
5-oxo-2,5-dihvdr o-lH-pvrrole-3-carboxvlic acid (3.4-dichloro-benzvlVmethyl- 
amide 
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To a stirred solution of 4-hyckoxy-lK2-methylanuno-ethyl)-5K)XO-2^^ 
dihydro-lH-pyrrole-3-carboxylic add (3,4KiicWoro4)enzyl)-methyl-amide 
(Compound 15) (150 mg, 0367 mmol) in CH2CI2 (5 mL) was added EtsN (0.14 
mL, 1.0 mmol) followed by dimethylsulfamoyl chloride (53 jiL, 0.5 mmol) at 

5 room temperature. After 4 h, the reaction mixture was concentrated and the 
resulting residue was dissolved in methanol and purified by preparative 
HPLC on a C18 column using water/methanoHO.1% TFA) as eluent. The 
fractions containing the desired product were combined, concentrated and 
lyophilized to give the titie compound as a white solid (134.3 mg, 62% yield). 

10 iHNMR (500 MHz, CDCI3) 6: 10.38 (IH, br s), 7.42 (IH, d, J = 8.2 Hz), 735 
(IH, s), 7.10 (IH, d, J = 8.2 Hz), 4.58 (2H, s), 4.29 (2H, s), 3.69 (2H, t, J = 5.8 
Hz), 3.43 (2H, t, J = 5.8 Hz), 3.02 (3H, s), 2.81 (3H, s), 2.73 (6H, s). HRMS calcd 
for C18H25CI2N4O5S (M+H): 479.0923; found: 479.0941. 



15 EXAMPLE 122 

Compound 848: 4-Hydroxv-l-f2-(methanesulfo nvl-methvI-aminD)-ethYll-5- 
oxo-2.5-dihvdro-lH-pvrrole-3-carboxvlic acid r3.4-dichl oro-benzvl')-methvl- 
amide 




To a stirred solution of 4-hydroxy-l-(2-methylamino-ethyl)-5-oxo-2,5- 
dihydro-lH-pyrrole-3-carboxylic add (3,4<lichloro-benzyl)-methyl-ainide 
(Compound 15) (150 mg, 0.367 mmol) in CHaCk (5 mL) was added EtsN (0.14 
25 mL, 1.0 mmol) followed by methanesulfonyl chloride (38 \iL, 0.5 mmol) at 
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room temperature. After 1 h, the reaction mixture was concentrated and the 



HPLC on a C18 coliimn using water/methanol-(0.1% TFA) as eluent. The 
fractions containing the desired product were combined, concentrated and 
5 lyophilized to give the title compoxmd as a white powder (21.3 mg, 13% 



yield). ^HNMR (500 MHz, CDCI3) 5: 7.42 (IH, d, J = 8.2 Hz), 7.35 (IH, s), 7.11 
(IH, d, J = 8.2 Hz), 4.58 (2H, s), 4.29 (2H, s), 3.71 (2H, t, J = 5.8 Hz), 3.38 (2H, t, 
J = 5.8 Hz), 3.02 (3H, s), 2.89 (3H, s), 2.78 (3H, s). HRMS calcd for 
C17H22CI2N3O5S (M+H): 450.0657; found: 450.0658. 



Compotmd 849: 142-a3-Dimethvl-ureido)-ethyll-4-hvdroxv-5-oxo>25- 
dihydro-lH-pvrrole-3-carboxylic add f3,4-dichloro-benzvlVmethvl-amide 



To a stirred solution of 4-hydroxy-l-(2-methylamino-ethyl)-5-oxo-2,5- 
dihydro-lH-pyrrole-3-carboxylic add (3,4-dichloro-ben2yl)-methyl-amide 
(Compound 15) (155 mg, 0.379 mmol) in CH2CI2 (5 mL) was added EtsN (0.14 

20 mL, 1.0 mmol) followed by methyl isocyanate (29 fxL, 0.5 mmol) at room 
temperature. After 1 h, the reaction mixture was concentrated and the 
resulting residue was dissolved in methanol and purified by preparative 
HPLC on a C18 column using water/methanol (0.1% TFA) as eluent. The 
fractions containing the product were combined, concentrated and 

25 lyophilized to give the title compoimd as a white powder (107.6 mg, 52% 



resulting residue was dissolved in methanol and purified by preparative 



10 



EXAMPLE 123 




15 



O 
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yield). iRNMR (500 MHz, CDCI3) 6: 11.56 (IH, br s), 7.41 (IH, d, J = 8.2 Hz), 
7.34 (IH, s), 7.10 (IH, d, J = 8.2 Hz), 4.66 (IH, br s), 4.57 (2H, s), 4.28 (2H, s), 
3.62 (2H, t, J = 5.8 Hz), 3.56 (2H, t, J = 5.8 Hz), 3.02 (3H, s), 2.89 (3H, s), 2.70 
(3H, s). HBiMS calcd for Ci8H23Cl2N404 (M+H); 429.1096; foimd: 429.1082. 



Compound 850: 4-Hydroxy-l-[2-(l-methyl-ixreido)-eth.yl1-5-oxo-25-dihydro- 
lH-pyrrole-3-carboxylic add (3,4-dichloro-benzyl)-methyl-ainide 



To a stirred solution of 4-hydroxy-l-(2-ineiiiylanuno-ethyl)-5-oxo-2,5- 
dihydro-lH-p)Trrole-3-carboxylic acid (3,4-dichloro-benzyl)-methyl-ainide 
(Compound 15) (153 mg, 0.374 mmol) in CH2CI2 (5 mL) was added EtaN (0.14 
15 mL, 1.0 mmol) followed by trimethylsilyl isocyanate (68 |jL, 0.5 mmol) at 
room temperature. After 2 h, the reaction mixture was concentrated and the 
resulting residue was dissolved in methanol and purified by preparative 
HPLC on a C18 column tising water/methanol-(0.1% TFA) as eluent. The 
fractions containing the product were combined, concentrated and 



20 lyophilized to yield tiie title compound as a white powder (120 mg, 61% 
yield). iHNMR (500 MHz, CDCI3) 6: 10.37 (IH, br s), 7.41 (IH, d, J = 8.2 H), 
7.34 (IH, s), 7.10 (IH, d, J = 8.2 Hz), 5.78 (2H, br s), 4.56 (2H, s), 422 (2H, s), 
3.64 (2H, t, J = 5.2 Hz), 3.55 (2H, t, J = 5.2 Hz), 2.99 (3H, s), 2.94 (3H, s). HRMS 
calcd for C17H21CI2N4O4 (M+H); 415.094; found: 415.0941. 



EXAMPLE 124 



10 




25 



wo 2004/004657 



PCTAJS2003/021371 



295 



EXAMPLE 125 



Compoimd 851: 4-Hydroxy-l'r2-(2"((N-tert-butylcarbamoyl-siilfam 
methyl-aiiuno)-ethyll-5H3xo-2^"dihydxc>^ add (3.4- 

dicMoro-benzylVmethyl-amide 



To a stirred solution of 4-hydroxy-l-(2-raethylamino-ethyl)-5-oxo-2^- 
dihydro-lH-pyrrole-3-carboxylic add (3,4-didiloro-baizyl)-methyl-ainide 

10 (Compoimd 15) (110 mg, 0.269 mmol) in CH2CI2 (5 mL) was added EtsN (0.14 
mL, 1.0 mmol) foUowed by a freshly prepared solution of t-butanol and 
dUorosulfonyl isocyanate (concentration = 0.2 mM, 2 mL, 0.4 mmol) at room 
temperature. After 1 h, the reaction mixture was concentrated and the 
resulting residue dissolved in methanol and purified by preparative HPLC 

15 on a C18 column using water/methanol-(0.1% TEA) as eluent. The fractions 
containing the product were combined, concentrated and lyophilized to give 
the title compoimd as a white powder (77 mg, 43% yield). ^HNMR (500 MHz, 
CDCI3) 5: 7.68 (IH, s), 7.41 (IH d, J -8.2 Hz), 7.35 (IH, s), 7.10 (IH, d, J = 8.2 
Hz), 4.57 (2H, s), 4.26 (2H, s), 3.68 (2H, t, J = 5.2 Hz), 3.54 (2H, t, J = 5.2 Hz), 



20 3.00 (3H, s), 2.92 (3H, s), 1.45 (9H, s). HRMS calcd for C21H27CI2N4O7S (M+H): 
549.0978; found: 549.0988. 



5 




CI 
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EXAMPLE 126 



Compound 852: l-^2-Amino-e1hvB-4-hvdroxv-5-oxo-25-dihvdio-lH-pvrrole- 
3-carboxvli c add (3.4-dichloro-benzvl)-methvl-amide 



Compound 852 was prepared according to the methods described in 



title previous examples. ^HNMR (500 MHz, DMSO-d6) 5: 10.98 (IH, br s), 
7.62 (IH, d, J = 8.24 Hz), 7.52 (IH, d, J = 2.14 Hz), 7.25 (IH, d, J = 7.33 Hz), 
10 4.59 (2H, s), 4.10 (2H, s), 3.64 (5H, br s), 3.06-3.00 (4H, m). HRMS calcd for 
C15H18CI2N3O3 (M+H): 358.0725; found: 358.0717. 

EXAMPLE 127 

Compound 853: 4-Hydroxy-l-(2-methylamino-ethvl)-5-oxo-23-dihydTO-lH- 
15 pvrrole-3-carboxylic acid O^-dichloro-benzyD-metitiyl-amide 



Compound 853 was prepared according to the metiiods described in 
20 the previous examples. ^HNMR (500 MHz, CDCI3) 5: 11.96 (IH, br s), 8.92 
(2H, s), 7.53 (IH, s), 7.31 (2H , s), 4.60 (2H, s), 4.11 (2H, s), 3.89 (3H, br s), 3.70 



5 




CI 
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(2H, br s), 3.15 (2H, m), 2.55 (3H, t, J 5.19 Hz). HRMS calcd for CieHaoazNaOs 
(M+H): 372.0882; found: 372.0884. 

EXAMPLE 128 
5 Compound 854: 4-Hydroxv-l-(2--(dimethylsialfarnidoy 

5-oxo-2^-dihydro-lH-pyrrole-3-carboxvlic add (33-dichloro-benzvlVmeihyl- 
aniide 




10 

To a stirred solution of 4-hydroxy-l-(2-methylamino-ethyl)-5-oxo-2^- 
dihydro-lH-pyrrole-3-carboxylic acid (3^-dichloro-benzyl)-methyl-ainide (82 
mg, 0.2 nunol) and EtsN (0.084 mL, 0.6 mmol) in CthCh (3 mL) was added 
dimethylsulfamoyl chloride (0.028 mL, 0.26 mmol). After stirring for 2h at 

15 room temperature, the reaction mixture was concentrated and purified by 
preparative HPLC using MeOH/ Water as the eluent. The fractions 
containing the product were combined and concentrated to give the title 
compound as a paste (70 mg, 59% yield). ^HNMR (500 MHz, CDCk) 5: 10.68 
(IH, br s), 7.27 (IH, s), 7.13 (2H, s), 4.58 (2H, s), 4.29 (2H, s), 3.71-3.65 (2H, m), 

20 3.45-3.40 (2H, m), 3.02 (3H, s), 2.80 (3H, s), 2.71 (6H, s). HRMS calcd for 
CisHzsChNdOsS (M+H): 479.0923; found: 479.0918. 
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EXAMPLE 129 

Compound 855: l<:arbamoylmethyl-4-hvdroxy-5K)xo-25-<iihvdro-lH- 



the previous examples. ^HNMR (500 MHz, CDCI3) 6: 7.84 (IH, d, J = 8.24 
Hz), 7.28 (IH, br s), 7.05-7.01 (IH, m), 4.52 (2H, s), 4.17 (2H s), 4.03 (2H, s), 
10 3.43 (3H, br s), 2.94 (3H, s). HRMS calcd for C15HUCI2N3O4 (M-H): 370.0361; 
foimd: 370.0361. 

EXAMPLE 130 

Compound 856: 4-Hvdroxv-l-(2-morpholm-4-vl-ethvl)-5-o xo-25-dihvdro-lH- 
15 pyrrole-3-carboxvlic add methoxy-(4-meaivlbenzvlV-ainide 





Compound 855 was prepared according to the methods described in 




Reaction of 2-(2,2-dimethyl-5-oxo-[i;3]-dioxolan-4-ylidene)-N- 
20 methoxy-N-(4^methy]benzyl)-acetamide (0.30 g, 0.98 mmol) with the 

paraformaldehyde - N-(2-aminoethyl)morpholine adduct in methanol using a 
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procedure similar to the one described in the preparation of compound 13 
gave 0.17 g (45 % yield) of tiie tide compound as a solid. iRNMR 400 MHz 
(CDCI3) 5 (ppm); 2.35 (3H, s, CH3), 2.47 (4H, m, 2 x NCH2), 2.56 (2H, t, J = 6.2 
Hz, NCH2), 3.62 (2H, t, J = 6.2 Hz, NCH2), 3.66 (4H, m, 2 x OOfc), 3.71 (3H, s, 
5 OCH3), 427 (2H, s, NCH2), 4.85 (2H, s, NCH2), 7.14 - 7.24 (4H, m, aromatics). 
HRMS ( FAB + ) calculated for C2oH28N305:[M+H]+: 390202896 ; found: 
390.203567. 

EXAMPLE 131 

10 Compound 857: 4-Hydroxy-l-methyl-5-oxo-2.5-dihydro-lH-pyrrole-3- 
carboxylic add methyl-(4-trifluoromethyl-benzyl)-amide 



O OH 




15 Reaction of 2-(22-<iimethyl-5-oxo-[l,3]-dioxolan-4-ylidene)-N-methyl- 

N-(4-trifluoromethyIbenzyl)-acetamide (0.50 g, 1.45 mmol) with the 
paraformaldehyde - methylamine adduct in methanol using a procedure 
similar to the one described in the preparation of compound 44 (method 44B ) 
gave 0.31 g (64 % yield) of the title compound as white crystals; mp 126-128 

20 oC ( ethyl acetate - hexane). ^HNMR 400 MHz (CDCI3) 5 (ppm); 3.07 (3H, s, 
NCH3), 3.13 (3H, s, NCH3), 4.18 (2H, s, NCHa), 4.74 (2H, s, NCH2), 741 (2H, 
d, J = 8.1 Hz, aromatics), 7.64 (2H, d, J = 8.1 Hz, aromatics), 1056 (IH, broad, 
OH). Anal. Calcd for C15H15F3N2O3: C, 54.88; H, 4.61; N, 8.53. Found: C, 54.93; 
H, 4.57; N, 8.44. 

25 
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EXAMPLE 132 

Compound 858: 4-Hvdroxy-l-(2-morpholin-4-yl-ethvD-5<>xo-23-^ 
pyTrole-3-carboxylic add methyl-(4-trifluoromethvl-baizyl)-arnide 



O OH 



5 




Reaction of 2-(2,2-dimeihyl-5-oxo-[l^]-dioxolan-4-ylidene)-N-methyl- 
N-(4-trifluoromethyl-benzyl)-acetamide (0.36 g, 1.05 mmol) with the 
paraformaldehyde - N-(2-aminoethyl)morpholine adduct in methanol using a 

10 procedure similar to the one described in the preparation of compound 13 
gave 0.16 g (35 % yield) of the titie compound as a solid after 
chromatography on reversed phase silica gel. ^HNMR 400 MHz (CDCI3) 5 
(ppm); 2,46 (4H, m, 2 x NCH2), 2.57 (2H, t, J = 6.1 Hz, NCH2), 3.04 (3H, s, 
NCH3), 3.6 (6H, m, 2 X OCH2and NCH2), 4.25 (2H, s, NCH2), 4.72 (2H, s, 

15 NCH2), 7.41 (2H, d, J = 8.0 Hz, aromatics), 7.62 (2H, d, J = 8.0 Hz, aromatics). 
HRMS ( FAB + ) calculated for C2oH25F3N304:[M+H]+: 428.179716 ; found: 
428.179157. 

EXAMPLE 133 

20 Compoimd 859: 4-Hydroxy-l-methyl-5-oxo-23-dihydro-lH'-pyrrole-3- 

carboxyLic add methoxy-(4-trifluoromethyl"benzyl)-amide 



O OH 
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Reaction of 2-(2,2-<limethyl-5<>xo-[l,3]-dioxolan-4-yHd 
methoxy-N-(4-trifluoromeihylbenzyl)-acetaim (0.20 g, 056 mmol) with the 
paraformaldehyde - methylamine adduct in methanol using a procedure 
similar to the one described in the preparation of compound 44 ( method 446 
5 ) gave 0,10 g (52 % yield ) of the title compound as white crystals; mp 145 <>€ 
(dec) ( ethyl acetate - hexane ). ^HNMR 400 MHz (CDCb) 5 (ppm); 3.11 (3H, 
s, NCHs), 3.75 (3H, s, OCH3), 4.17 (2H, s, NCH2), 4.94 (2H, s, NCH2), 7.45 (2H, 
d, J = 81 Hz, aromatics), 7.61 (2H, d J = 8.1 Hz, aromatics). Anal. Calcd for 
C15H15F3N2O4: C, 52.33; H, 4.39; N, 8.13. Found: C, 52.17; H, 4.34; N, 7.98. 

10 

EXAMPLE 134 

Compoimd 860: 4-Hydroxy-l"(2'morpholin'4-yl-^thyl)-5-oxO"2.5Klihyd 
pyrrole-3-carboxylic add methoxy"f4-trifluoromethyl-benzyl)-amide 



O OH 



15 




Reaction of 2-(2,2-<iimefhyl-5-oxo-[l,3]-dioxolan-4-ylidene)-N- 
methoxy-N-(4-trifluoromethyl-benzyl)-acetamide (0.41 g, 1.13 mmol) with the 
paraformaldehyde - N-(2-aminoethyl)morpholine adduct in methanol losing a 

20 procedure similar to the one described in the preparation of compoimd 13 
gave 0.38 g (75% yield ) of the title compound as crystals after 
chromatography on reversed phase silica gel; mp 119 °C (dec ) (ethyl acetate 
- hexane). ^HNMR 400 MHz (CDCI3) 6 (ppm); 2.48 (4H, m, 2 x NCH2), 2.58 
(2H, t, J = 6.3 Hz, NCH2), 3.64 (2H, t, J = 6.3 Hz, NCH2), 3.67 (4H, m, 2 x 

25 OCH2), 3.75 (3H, s, OCH3), 4.31 (2H, s, NCH2), 4.94 (2H, s, NCH2), 7.47 (2H, d. 
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J = 8.1 Hz, aromatics), 7.63 (2H, d, J = 8.1 Hz, aromatics). Anal. Calcd for 
C20H24F3N3O5: C, 54.17; H, 5.46; N, 9.48. Found: C, 54.12; H, 5.57; N, 9.52. 

EXAMPLE 135 

5 Compoiind 861: 4-Hydroxy-l-(2-morpholin-4-yl-ethyl)-5-oxo-2,5-dihydro-lH- 
pyrrole-3-carboxyIic add methoxy-(4-methylcarbamoyl-benzyl)-ainide 



O OH 




Q 

10 Reaction 4-({[2-(2,2-dimethyl-5-oxo-[13]dioxolan-4-y^ 

methoxy-amino}-meiliyl)-N-methyl-benzaiiu^ (0.053g, 0.15 mtnol) with the 
paraformaldehyde - N-(2-airunoethyl)raorpholirie adduct in methanol using a 
procedure similar to the one described in the preparation of compound 13 
gave 0.034 g (41% yield ) of the tide compoimd as a white solid after 

15 chromatography on reversed phase silica gel. ^HNMR 400 MHz pMSO-de) 5 
(ppm); ( TFA salt ) 2.77 (3H, d, J = 4.65 Hz, NCH3), 3.1 (2H, broad m, NCH2), 
3.4 - 3.8 (8H, broad m, 2 x NCH2 and 2 x OCH2), 3.75 (3H, s, OGh), 3.98 (2H, 
broad, NCH2), 4.24 (2H, s, NCH2), 4.94 (2H, s, NCH2), 7.39 (2H, d, J = 8.4 Hz, 
aromatics), 7.80 (2H, d, J = 8.4 Hz, aromatic), 8.41 (IH, q, J = 4.5 Hz, NH). 

20 HEMS ( FAB + ) calculated for C2iH29N406:[M+H]+: 433.208710; foimd: 
433.209419. 
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EXAMPLE 136 

Compoxmd 862: 4-Hydjoxy-l-(2-morpholin-4-yl-^feylV5<)x<>25-dihydr^ 
pyrrole-3- ^arhny ylTc add (3.4-clichlorobenzyl)-methoxy-amide 



O OH 



5 




Reaction of N-(3,4-dichlorobenzyl)-2-(2,2-dimethyl-5-oxo-[13]- 
dioxolan-4-y]idene)-N-methoxy-acetamide (0.20 g, 0.56 mmol) with the 
parafonnaldehyde - N-(2-airunoethyl)morpholine adduct in methanol using a 

10 procedure amilar to the one described in the preparation of compound 13 
gave 0.071 g (28% yield ) of the title compound as a solid after 
chromatography on reversed phase silica gel. ^HNMR 400 MHz (DMSO-d^) 5 
(ppm); 2.39 (4H, broad, 2 x NCH2), 2.47 (2H, t, J = 6.3 Hz, NCH2), 3.49 (2H, t, J 
= 6.3 Hz, NCH2), 3.53 (4H, broad, 2 x OCH2), 3,66 (3H, s, OCH3), 416 (2H, s, 

15 NCH2), 4.89 (2H, s, NCH2), 7.33 (IH, dd, J = 1.8 Hz and J = 8.1 Hz, aromatic), 
7.60 (IH, d, J = 8.1 Hz, aromatic), 7.63 (IH, d, J = 1.8 Hz, aromatic). HRMS ( 
MAB/N2 ) calculated for Ci9H23Cl2N305:[M+] : 443.101477 ; found: 
443.103002. 

20 EXAMPLE 137 

■ 

Compound 863: 4-Hvdroxv-l-methyl-5<)xo-2^-dihydro-lH-py^ 
carboxylic add (4-fluoro-2-trifluoromethyl-benzylVmethoxv-aml 
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Reaction of 2-(2,2Klimethyl-5-oxo-(l^]-dioxoIan-4-ylidene)-N-(4- 
fluoro-2-trifluorometiiylbenzyl)-N-inethoxy-acetaiiiide (0.14 g, 0.37 mmol) 
with the paraformaldehyde - methylaaune adduct in methanol using a 
procedure similar to ttie one described in the preparation of compound 44 
5 ( method 44B ) gave 0.056 g (42 % yield ) of the tide compound as wHte 

crystals; mp 167 oC (dec) ( ethyl acetate - hexane ). ^HNMR 400 MHz (CDCI3) 
8 (ppm); 3.13 (3H, s, NCH3), 3.71 (3H, s, OCH3), 4.21 (2H, s, NCH2), 5.09 (2H, 
s, NCH2), 7.22 - 7.27 (IH, m, aromatic), 7.39 - 7.46 (2H, m, aromatics). Anal. 
Calcd for C1SH14F4N2O4 : C, 49.73; H, 3.89; N, 7.73. Found: C, 49.74; H, 3.92; N, 
10 7.70. 



EXAMPLE 138 



15 



Compound 864: 4-Hvdroxv-l-(2-morpholin-4-vl-ethvD-5-oxo-23-dihvdro-lH- 



pvrrole-3-carboxvlic a dd (4-fluoro-2-trifLuoromethvl-benzvn-methoxy- 
amide 




Reaction of 2-(2,2-dimethyl-5-oxo-[l,31-dioxolan-4-ylidene)-N-(4- 
20 fluoro-2-trifIuoromethyl-benzyl)-N-meflioxy-acetamide (0.21 g, 0.55 mmol) 
with the paraformaldehyde - N-(2-aminoetiiyl)morpholine adduct in 
methanol using a procedure similar to the one described in the preparation of 
compound 13 gave 0.13 g (50% yield ) of the tide compound as a solid after 
chromatography on reversed phase silica gel. ^HNMR 400 MHz (CDCI3) 5 
25 (ppm); 2.51 (4H, m, 2 x NOfc), 2.60 (2H, t, J = 6.1 Hz, NOt), 3.65 (6H, m, 2 x 
OCH2 and NCH2), 3.71 (3H, s, OCH3), 4.32 (2H, s, NCH2), 5.09 (2H, s, NCH2), 
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7.23 - 7.27 (2H, m, aromatics), 7.39 - 7.48 (2H, m, aromatics). MS ( ESI + ) 
calculated for C2oH24]F^305:DM+H]+: 462 ; found: 462. 

EXAMPLE 139 

5 Compound 865: 4-Hydroxy-l-methyl-5K)XO-23-<iihydro-lH-pyrrole-3- 
carboxylic add [3-(3.4rdichlorophenyB-propyn-ajiiide 



O OH 




10 Reaction of N-[3-(34-dichlorophenyl)-propyl]-2-(2;2-dimethyl-5-oxo- 

[i;3]-dioxolan-4-ylidene)-acetainide (0.432 g, 1.20 mmol) with title 
paraformaldehyde - methylaxnine adduct in methanol using a procedure 
similar to titve one described in the preparation of compound 44 ( method 44B 
) gave 0.232 g (56 % yield ) of the title compound as white crystals; mp 157 - 

15 158 «>C (dec) ( ethyl acetate - hexane ). ^HNMR 400 MHz (CDCb) 5 (ppm); 
1.81 (2H, m, CH2), 2.57 (2H, t, J = 7.5 Hz, CH2), 3.05 (3H, s, NCH3), 3.33 (2H, 
nv NCH2), 3.98 (2H, s, NCH2), 6.95 (IH, broad t, NH), 7.05 (IH, broad dd, 
aromatic), 7.21 (IH, d, J = 2 Hz, aromatic), 7.26 (IH, d, J = 8.1 Hz, aromatic), 
10.13 (IH, broad, OH). Anal. Calcd for C15H16CI2N2O3 : C, 52.49; H, 4.70; N, 

20 8.16. Found: C, 52.39; H, 4.80; N, 7.89. 

EXAMPLE 140 

Compotind 866: 4-Hvdroxy-l-methyl-5-oxo-2,5-dihydro-lff-pyrrole-3- 
carboxylic add [3-(4-fluorophenylV-propyl1-methyl-amide 



O OH 



wo 2004/004657 



PCT/US2003/021371 



306 

Reaction of 2-(2^Klimethyl-5-oxo-[i;3]-dioxolan-4-ylidene)-N-[3-(4- 
fluorophenyl)-propyl]-N-methyl-acetamide (0.20 g, 0.62 mmol) with the 
paraformaldehyde - methylainine adduct in methanol using a procedure 
similar to the one described in the preparation of compound 44 (method 44B) 
5 gave 0.11 g (56 % yield ) of the tide compound as white crystals; mp 129 °C 
(dec) ( ethyl acetate - hexane ). iRNMR 400 MHz (CDCI3) 5 (ppm); 1.91 (2H, 
m, CH2), 2.63 (2H, t, J = 7.6 Hz, Cth), 3.04 (3H, s, NCH3), 3.05 (3H, s, NCH3), 
3.40 (2H;, broad t, J = 7.5 Hz, NCH2), 3.90 (2H, broad s, NCH2), 6.99 (2H, m, 
aromatics), 7.14 (2H, m, aromatics). Anal. Calcd for C16H19FN2O3 : C, 62.73; H, 
10 6.25; N, 9.14. Found: C, 62.75; H, 6.23; N, 9.11. 

EXAMPLE 141 

Compound 867: 4- Hvdroxv-l-r2-morpholin-4-vl-ethvl)-5-oxo-2.5-dihvdrn-1 H- 
pvrrole-S-carboxylic add r3-f4- fluorophenvlVpropvn-methvl-amide 

15 

O OH 




Reaction of 2-(2,2-dimethyl-5-oxo-[l,3]-dioxolan-4-ylidene)-N-[3-(4- 
fIuorophenyl)-propyl]-N-methyl-acetamide (0.245 g, 0.76 xnmol) with the 

20 paraformaldehyde - N-(2-aminoethyl)morpholine adduct in methanol using a 
procedure similar to the one described in flie preparation of compound 13 
gave 0.103 g (33% yield ) of the titie compoimd as a solid after 
chromatography on reversed phase silica gel. iRNMR 400 MHz (CDCh) 5 
(ppm); 1.92 (2H, m, CH2), 2.47 (4H, broad, 2 x NCH2), 2.54 (2H, broad t, 

25 NCH2), 2.63 (2H, t, J = 7.5 Hz, CH2), 3.04 (3H, s, NCH3), 3.42 (2H, broad t, 

NCH2), 3.58 (2H, broad, NCH2), 3.66 (4H, broad, 2 x OCH2), 4.12 (2H, broad s. 
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NCHa), 6.97 (2H, aromatics), 7.14 (2H, m, aiomatics). HRMS ( FAB + ) 
calculated for C2iH29FN304:[M+H]+: 406.214210 ; found: 406.214016. 

EXAMPLE 142 

5 Compotind 868: 4-Hydroxy-l-methyl-5<)xo-25Ki]Lhydxo-lH-pyrrole-3- 
carboxylic add f3-(3.4-dichlorophen.yl)-propyl1-methyl-ainide 



O OH 




10 Reaction of N-[3-(3,4-dichlorophenyl)-propyll-2-(2;2-<iimethyl-5-oxo- 

[l^]-dioxolan-4ryMene)-N-methyl-acetainide (0.570 g, 1.53 mmol) witii the 
paraformaldehyde - methylamine adduct in methanol using a procedure 
similar to the one described in the preparation of compound 44 ( metitiod 446 
) gave 0.287 g (52 % 5nleld ) of the tifle compound as white crystals; mp 138 - 

15 140 °C ( ethyl acetate - hexane ). iHNMR 400 MHz (CDCI3) 5 (ppm); 1.80 (2H, 
m, CH2), 2.49 (2H, t, J = 7.6 Hz, CH2), 2.92 (3H, s, NCH3), 2.95 (3H, s, NCH3), 
3.31 (2H, broad t, J = 7.3 Hz, NCH2), 3.87 (2H, broad s, NCH2), 6.91 (IH, dd, J 
= 2.0 Hz and J = 8.1 Hz, aromatic), 7.16 (IH, d, J = 2.0 Hz, aromatic), 7.23 (IH, 
d, J = 8.1 Hz, aromatic), 10.94 (IH, broad s, OH). Anal. Calcd for 

20 C16H18CI2N2Q3 : C, 53.80; H, 5.08; N, 7.84. Found: C, 53.90; H, 5.17; N, 7.83. 
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EXAMPLE 143 

Compound 869: 4-Hydioxy-l-(2-morpholin-4-yl-ethylV5<)XO-25-dihydro-lH- 
pyiiole-3-carboxvlic add r3-(4-fluorophenyl)-propyl1-inethoxy-ainide 



O OH 



5 




Reaction of 2-(2,2-dimethyl-5-oxo-[13]-dioxolan-4-ylidene)-N-[3-(4- 
fluorophenyl)-propyl]-N-metiioxy-acetainide (0.560 g, 1.66 nunol) with the 
paraformaldehyde - N-(2-anunoethyl)morpholine adduct in methanol using a 

10 procedure similar to the one described in the preparaticm of compound 13 
gave 0.446 g (63% yield ) of the tide compoimd as a solid after 
chromatography on reversed phase silica gel. ^HNMR 400 MHz (DMSO-de) 5 
(ppm); 1.84 (2H, m, CH2), 2.40 (4H, broad, 2 x NCHz), 2.46 (2H, t, J = 6.5Hz, 
CH2), 2.56 (2H, t, J = 8.1 Hz, CH2), 3.46 (2H, t, J = 6.5 Hz, NCH2), 3.52 (3H, s, 

15 OCH3), 3.55 (4H, broad, 2 x OCH2), 3.67 (2H, t, J = 7.1 Hz, NCH2), 3.95 (2H, s, 
NCH2), 7.09 (2H, m, aromatics), 7.23 (2H, m, aromatics). HIUVIS ( FAB + ) 
calculated for C2iH29FN305:[M+H]+: 422.209125 ; found: 422.208679. 



EXAMPLE 144 

20 Comppound 870: 4-Hvdroxv-l-methvl-5-oxo-25-dihvdro-lH-pvrrole-3- 
carboxyUc add r3-(3.4-dichlorophenvl)-propyll-methoxv-amide 

O OH 
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Reaction of N-[3-(3,4r<iidilorophenyl)-propyll-2-{2^Kiiinethyl-5-oxo- 
[i;3l-dioxolan-4-ylidene)-N-inethoxy-acetaimde (0.480 g, 1.16 mmol) with the 
paraformaldehyde - methylamine adduct in methanol vising a procedure 
similar to the one described in the preparation of compotmd 44 ( method 44B 

5 ) gave 0.250 g (58 % yield ) of the title compound as white crystals; mp 106 - 
108 °C ( ethyl acetate - hexane ). ^HNMR 400 MHz (CDCI3) 5 (ppm); 2.01 (2H, 
m, CH2), 2.65 (2H, t, J = 7.6 Hz, CHa), 3.14 (3H, s, NCH3), 3.73 (3H, s, OCH3), 
3.77 (2H, t, J = 7.0 Hz, NCH2), 4.11 (2H, s, NCH2), 7.04 (IH, dd, J = 2.0 Hz and 
J = 8.1 Hz, aromatic), 7.30 (IH, d, J = 2.0 Hz, aromatic), 7.36 (IH, d, J = 8.1 Hz, 

10 aromatic), 11.67 (IH, broad s, OH). Anal. Calcd for C16H18CI2N2O4 : C, 51.49; 
H, 4.86; N, 7.51. Found: C, 51.65; H, 4.90; N, 7.45. 



EXAMPLE 145 

Compound 871: 4-Hvdroxv-l-(2-morpholin-4-vl-ethvlV5-oxo-25-d ihydro-lH- 
15 pyrrole-3-carboxvlic add r3-f3.4^chlorophenvlVpropvl1-methoxv-amide 



O OH 




Reaction of N-[3-(3,4-dichlorophenyl)-propyl]-2-(2,2-dimethyl-5-oxo- 
20 [l,31-dioxolan-4-ylidene)-N-inethoxy-acetamide (0.378 g, 0.97 mmol) with the 
paraformaldehyde - N-(2-aminoethyl)morpholine adduct in methanol using a 
procedure similar to the one described in the preparation of compovmd 13 
gave 0.196 g (42% yield ) of the title compound as a solid after 
chromatography on reversed phase silica gel. ^HNMR 400 MHz (CDCI3) 5 
25 (ppm); 1.98 (2H, m, CH2), 2.49 (4H, broad, 2 x NCH2), 2.58 (2H, t, J = 6.2Hz, 
CH2), Z63 (2H, t, J = 7.5 Hz, CH2), 3.63 (2H, t, J = 6.2 Hz, NCH2), 3.68 (4H, 
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broad, 2 x OCHb), 3.71 (3H, s, OCH3), 3.74 (2H, t J = 7.0 Hz, NCH2), 423 (2H, 
s, NCH2), 7.02 (IH, dd, J = 2.0 Hz and J = 8.2 Hz, aromatic), 7.28 (IH, d, J = 2.0 
Hz, aromatic), 7.34 (IH, d, J = 8.2 Hz, aromatic). HRMS ( FAB + ) calculated 
for C2iH28ClaN305:IM+H]+: 472.140602 ; found: 472.138651. 

5 

EXAMPLE 146 

Compound 146-A: 4-Fluorobenzaldehyde C)-(3-chloropropyl)-oxime 



10 




A suspension of sodium hydride (73.0 mmol, 3.0 g of a 60 % 
suspension in mineral oU) was washed twice with hexane and then 
suspended in dry tetrahydrofuran (40 ml). The reaction mixture was then 
treated at 25 <<Z with l-bromo-3-chloropropane (10 ml, 97,5 mmol) followed 

15 by a solution of 4-fluorobenzaldehyde oxime (6.78 g, 48.7 mmol) in 

tetrahydrofuran (30 ml) added dropwise over 10 min. The resulting mixture 
was then heated under reflux for 16 h. The cooled mixture was diluted with 
ethyl acetate, washed with brine and dried over anhydrous sodium sulfate. 
Evaporation of the solvent tinder reduced pressure and chromatography of 

20 the residue on silica gel ( elution hexane - ethyl acetate, 9:1) gave 8.52 g ( 81 
% ) of the title oxime as a dear oiL ^HNMR 400 MHz (CDCU) 6 (ppm) : 2.23 
(2H, m, CH2), 3.74 (2H, t, J = 6.5 Hz, CH2), 4.36 (2H, t, J = 5.8 Hz, CH2), 7.13 
(2H, m, aromatics), 7.63 (2H, m, aromatics), 8.11 (IH, s, CH). AnaL Calcd for 
CioHuClFNO: C, 55.69; H, 5.14; N, 6.49. Found: C, 55.44; H, 5.12; N, 6.41. 



wo 2004/004657 



PCTAJS2003/021371 



311 

Compoiind 146-B: 4-Fluorobenzaldehyde 0"(3-morphoIin-4-yl-propyl)- 
oxime 




5 

A mixture of 4-fluorobenzaldehyde 0-(3-chloropropyl)-oxime (0.430 g, 
2.0 mmol), morpholine (0.70 g, 8.0 mmol), sodium iodide (0.1 g) and 
potassium carbonate (0,55 g) in acetone (10 ml) was sealed and heated at 80 
for 34 h. The cooled mixture was concentrated, diluted with ethyl acetate, 

10 washed with brine and dried over anhydrous sodium sulfate. Evaporation of 
the solvent imder reduced pressure and chromatography of the residue on 
silica gel ( elution ethyl acetate - acetone, 8:2) gave 0.376 g ( 70 % ) of the 
title oxime as a dear oil. ^HNMR 400 MHz (CeDe) 5 (ppm) : 1.94 (2H, m, CH2), 
2.27 (4H, m, NCH2), 2.38 (2H, t, J = 7.1 Hz, NCH2), 3.69 (4H, m, OCH2), 4.40 

15 (2H, t, J = 6.5 Hz, OCH2)/ 6.76 (2H, m, aromatics), 7.33 (2H, m, aromatics), 
8.03 (IH, s, CH). 

Compound 146-C: N-(4-Ruorobenzyl)-0-f3-morpholin-4-yl-propvl)- 
hydroxylamine 

20 




Reduction of 4-fluorobenzaldehyde 0(3-morpholin-4-yl-propyl)- 
oxime (0.330 g, 1.24 mmol) with sodiimi cyanoborohydride in acetic add as 
25 described in the preparation of compound 44-B gave 0.330 ( 100 % yield) of 
tiie crude title hydroxylamine as a light yellow oil which was used as such for 
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the acylation step. iRNMR 400 MHz (CeDe) 6 (ppm) : 1.69 (2H, m, CH2), 2.22 
(4H, m, NCH2), 2.27 (2H, t J = 7.0 Hz, NCH2), 3.63 (4H, m, OCH2), 3.74 (2H, t, 
J = 6.3 Hz, OCH2), 3.79 (2H, s, NCH2)/ 6.91 (2H, m, aromatics), 7.12 (2H, m, 
aromatics). 

5 

Compoiind 146-D: 2-(2;2-Diiaethvl-5-oxo-ri.31-dioxolan-4-ylideneVN-f4- 
fluorobenzylVN-(3-morpholin-4-yl-propoxy)-acetainide 




10 

Reaction of (2,2-<iimethyl-5-oxo-[l,3]dioxolan-4-ylidene)-acetyl 
chloride (1.0 nunol) with N-(4-fluorobenzyl)-0-(3-morpholin-4-yl-propyl)- 
hydroxylamine (0.268 g, mmol) as described in the preparation of compound 
44<: (add wash was skipped in this case) gave 0.200 g (47 % yield) of the title 

15 amide as a dear oil after chromatography on silica gel. ^HNMR 400 MHz 
(QDe) 5 (ppm) : 1.10 (6H, s, CH3),l-50 (2H, m, CH2), 2.19 (2H, t, J = 6.6 Hz, 
NCH2), 2.20 (4H, nv NCH2), 3.70 (2H, t, J = 6.2 Hz, OCH2), 3.71 (4H, m, 
OCH2), 4.73 (2H, s, NCH2), 6.85 (3H, m, CH and aromatics), 7.22 (2H, m, 
aromatics). HRMS ( MAB N2 ) calculated for C21H27FN2O6 [ M+ ] : 422.185315: 

20 found: 422.185246. 
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Compound 872: 4-Hvdroxv-l-methvI-5-oxo-2^-dihvdro-lH-pvnole-3- 
carboxvlic add f4-fluoro-benzvl)-(3-morpholin-4-vl-propoxvVamide 



0 OH 




5 

Reaction of 2-(2^-dimethyl-5-oxo-[l^]dioxolan-4-yKdene)-N-(4- 
fluoro-ben2yl)-N-(3-morpholin-4-yl-propoxy)-acetamide (0.080 g, 0.18 mmol) 
with the paraformaldehyde - methylamine adduct in methanol using a 
procedure similar to the one described in the preparation of compoimd 44 ( 

10 method 44B ) gave 0.027 g (35 % yield ) of the tide compotmd as a white solid 
after chromatography on reversed phase silica gel. ^HNMR 400 MHz 
(DMSO-de) 6 (ppm); 1.61 (2H, m, Ot), 2.23 (2H, t, J = 7.0 Hz, NCHa), 2.28 
(4H, broad, 2 x NCH2), 2.93 (3H, s, NCH3), 3M (4H, broad, 2 x OCH2), 3.76 
(2H, broad t, OCH2), 3.97 (2H, s, NCH2), 4.88 (2H, s, NCH2), 7.13 (2H, m, 

15 aromatics), 7.40 (2H, m, aromatics). HEMS ( MAB N2 ) calculated for 
CaoHaeFNsOs: [M]+: 407.185650 ; found: 407.184331. 
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EXAMPLE 147 

Compound 873: 4-Hydroxy-l-(2-morpholm-4-vl-ethyl)-5-oxo-23-dihydio- 
lH-pyrrole-3-carboxylic add (4-fluoro-benzvl)-(3-morpholin-4-vl-propoxy)- 
amide 

5 

0 OH 




Reaction of 2-(2,2-diinethyl-5-oxo-[l^]dioxolan-4-ylidene)-N-(4- 
fluoro-ben2yl)-N-(3-morpholin-4-yl-propoxy)-acetamide (0.080 g, 0.19 mmol) 

10 with the paraformaldehyde - N-(2-aininoethyl)inorpholine adduct in 

methanol using a procedure similar to the one described in the preparation of 
compound 13 gave 0.019 g (20% yield ) of the title compoimd as a solid after 
chromatography on reversed phase silica gel, ^HNMR 400 MHz (CDCI3) 5 
(ppm); 1.65 (2H, m, CHi), 2.25 (2H, t, J = 7.3 Hz, NCH2), 2.29 (4H, broad, 2 x 

15 NCH2), 2.39 (4H, broad, 2 x NCH2), 2.46 (2H, t, J = 6.6 Hz, CHa), 3.50 (2H, t, J 
= 6.6 Hz, NCHa), 3.68 (8H, broad, 4 x OCH2), 3.84 (2H, t, J = 7.0 Hz, OCH2), 
4.11 (2H, s, NCH2), 4.87 (2H, s, NCH2), 7.16 (2H, m, aromatics), 7.40 (2H, m, 
aromatics). HRMS ( MAB N2) calculated for C25H35FN4O6: IM]+: 506.254064 ; 
found: 506.254892. 

20 

EXAMPLE 148 

Compound 148- A: 3.4-Dichloroben2aldehvde 0-(3-chloropropyD-oxime 



CI 
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Reaction of 3,4-ciichlorobenzaldehyde oxime (2.5 g, 13.15 mmol) with 
l-bromo-3-<hloropropane (2.6 ml, 26.3 mmol) as described in the preparation 
of Compoimd 146-A gave 2,60 g (74 % yield) of the title oxime as a dear oil 
after chromatography on silica gel ( elution hexane - ethyl acetate, 9:1). 
5 iHNMR 400 MHz (CDCI3) 6 (ppm) : 2.21 (2H, m, CH2), 3.69 (2H, t, J = 6.5 Hz, 
CH2), 4.34 (2H, t, J = 5.8 Hz, OCH2), 7.41 (IH, dd, J = 2 Hz and J = 8 Hz, 
aromatic), 7.47 (IH, d, J = 8 Hz, aromatic), 7.71 (IH, d, J = 2 Hz, aromatic), 
8.01 (IH, s, CH). 

10 Compound 148-B: 3,4-Dichlorobenzaldehyde 0-(3-inorpholm-4-yl-propyl)- 
oxime 



g, 9.75 mmol) with morpholine (3.4 ml) as described in the preparation of 
compoimd 146-B gave 2.25 g (72 % yield) the title oxime as a dear oil after 



chromatography on silica gel ( elution ethyl acetate - acetone, 8:2). ^HNMR 
400 MHz (QDe) 5 (ppm) : 1.89 (2H, m, CH2), 2.25 (4H, m, NCH2), 2.35 (2H, t, J 
20 = 7.1 Hz, NCHz), 3.69 (4H, m, OCH2), 4.35 (2H, t, J = 6.5 Hz, OCH2), 6.98 (IH, 
d, J = 8.5 Hz, aromatic), 7.02 (IH, dd, J = 1.9 Hz and J = 8.5 Hz, aromatic), 7.50 
(IH, d, J = 1.9 Hz, aromatic), 7.77 (IH, s, CH). Anal. Calcd for Ci4Hi8CkN202: 
C, 53.01; H, 5.71; N, 8.83. Found: C, 52.99; H, 5.69; N, 8.75. 




15 



Reaction of 3,4rdichlorobenzaldehyde 0-(3-chloropropyl)-oxime (2.6 
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Compoimd 148-C: N-^3.4-Dichloroben2yD<)-(3-morpholin-4-vl-propy 
hydroxylainiiie 



XT" ' 




A solution of 3,4-dichlorobenzaldehyde 0(3-morpholin-4-yl-propyl)- 
oxime (0.160 g, 0.5 mmol) in a mixture of dichloromethane (2 ml) and acetic 
add (1 ml) was treated with borane-pyridine complex (0.17 ml, 1.36 mmol) 
and the resulting mixture was heated under reflux (bath temperature 60 ^C) 

10 for 4 h. The solvent was then evaporated xmder reduced pressure and the 
residue was treated with 10 % aqueous hydrochloric add (3 ml). The reaction 
mixture was then basified with solid sodium carbonate and extracted with 
ethyl acetate. The organic phase was then washed with brine, dried 
(anhydrous magnesium sulfate) and concentrated to give 0.150 g ( 93 % yield 

15 ) of the crude title hydroxylamine as a light yeUow oil which was used as 
such for the acylation step. ^HNMR 400 MHz (CeDe) 5 (ppm) : 1.66 (2H, m, 
CH2), 2.22 (2H, t, J = 7.1 Hz, NCH2), 2.24 (4H, m, NCH2), 3.56 (2H, s, NCH2), 
3.69 (4H, m, OCH2), 3.70 (2H, t, J = 6.5 Hz, OCH2), 5.2 (IH, broad, NH), 6.82 
(IH, dd, J = 1.9 Hz and J = 8.5 Hz, aromatic), 7.13 (IH, d, J = 8.5 Hz, aromatic), 

20 7.33 (IH, d, J = 1.9 Hz, aromatic). 
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Compound 148-D: N-f3.4-mchlorobenzvl)-2-(2^-dimethvl-5-oxo-fl^1- 
dioxolan-4-vHdeneVN-(3-morpholin-4-yl-propoxyVacetainide 



Reaction of (2;2-<limethyl-5-oxo-Il^]dioxolan-4-ylidene)-acetyl 
chloride (0.49 mmol) with N-(3,4-dichloroben2yl)-0-(3-morpholin-4-yl- 
propyl)-hydroxylainine (0.150 g, 0.49 mmol) as described in the preparation 
of compound 44-C gave 0.150 g (65 % yield) of the title amide as white 

10 crystals after chromatography on silica gel : mp 77 - 78 <C ( ether - hexane ). 
iHNMR 400 MHz (CeDe) 5 (ppm) : 1.09 (6H, s, CH3),L47 (2H, m, CH2), 2.17 
(2H, t, J = 6.5 Hz, NCH2), 222 (4H, m, NCH2), 3.66 (2H, t, J = 6.0 Hz, OCH2), 
3.73 (4H, m, OCH2), 4.56 (2H, s, NCH2), 6.82 (IH, s, CH), 6.98 (IH, dd, J = 2.0 
Hz and J = 8.0 Hz, aromatic), 7.06 (IH, d, J = 8.0 Hz, aromatic), 7.40 (IH, d, J = 

15 2.0 Hz, aromatic). Anal. Calcd for C21H26CI2N2O6: C, 53.28; H, 5.53; N, 5.91. 
Found: C, 53.31; H, 5.67; N, 5.77. 




I 
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Compoimd 874: 4-Hydroxy-l-methyl-5K)xo*2^dihvdro-lH-pyrrole-3- 

carboxylic acid (3,4KiicMorcHbenzyl)-(3-morpholin-4-vl"propoxy^ 



O OH 




5 

Reaction of N-(3,4-dicMoro-benzyl)-2-(2^-<iimethyl-5-oxo- 
[13]dioxolan-4-yUdene)-N-(3-morpholin-4-yl-propoxy)-ac^^ (0.200 g, 
0.42 mmol) witii the paraformaldehyde - methylairune adduct in methanol 
using a procedure similar to the one described in the preparation of 

10 compound 44 ( method 44B ) gave 0.090 g (47 % yield ) of the titie compoimd 
as a white amorphous solid after chromatography on reversed phase silica 
gel. iHNMR 400 MHz (DMSO-de) 5 (ppm); 1.66 (2H, m, CH2), 2.27 (2H, t, J = 
7.1 Hz, NCH2), 2.32 (4H, broad, 2 x NCH2), 2.95 (3H, s, NCH3), 3.55 (4H, 
broad, 2 x OCH2), 3.86 (2H, broad t, OCH2), 4.06 (2H, s, NCH2), 4.88 (2H, s, 

15 NCHa), 7.35 (IH, dd, J = 2 Hz and J = 8.1 Hz, aromatic), 7.61 (IH, d, J = 8.1 
Hz, aromatic), 7.65 (IH, d, J = 2 Hz, aromatic). HRMS ( FAB + ) calculated for 
C2oHa6Cl2N305: [M + H]+; 458.124952 ; found: 458.123753. 
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EXAMPLE 149 

Compound 875: 4-Hydroxy4-(2-morpholm-4-yl-^thyl)-5K)xo-23-^ 
lH-pyrrole-3-carboxylic add (3.4KiicMoro4)enzyD-(3--morpholin-4-yl- 
propoxvV-amide 

5 

O OH 




Reaction of N-(3,4-dicWoro-benzyl)-2-(2,2-dimethyl-5-oxo- 
[l^]dioxolan-4"yHdene)-N-(3-morpholin-4-yl-propoxy)-acetam (0.200 g, 

10 0.42 mmol) with tiie paraformaldehyde - N-(2-aminoethyl)morpholine 
adduct in methanol using a procedure similar to the one described in the 
prepcuration of compoimd 13 gave 0.160 g (68% 3deld ) of the title compoxmd 
as a solid after chromatography on reversed phase silica gel. ^HNMR 400 
MHz (CDCb) 5 (ppm); 1.56 (2H, m, CH2), 2.18 (2H, t, J = 7.1 Hz, NCH2), 2.25 

15 (4H, broad, 2 x NCH2), 2.39 (4H, broad, 2 x NCH2), 2.46 (2H, t, J = 6.1 Hz, 
CH2), 3.50 (2H, t, J = 61 Hz, NCH2), 3.54 (8H, broad, 4 x OCH2), 3.71 (2H, 
broad t, OCH2), 3.99 (2H, s, NCH2), 4.87 (2H, s, NCH2), 7.40 (IH, broad d, 
aromatic), 7.58 (IH, d, J = 8.1 Hz, aromatic), 7.73 (IH, broad s, aromatic). 
HRMS ( FAB + ) calculated for C25H35CI2N4O6: [M + H]+; 557.193366 ; found: 

20 557.192134 

BIOLOGICAL ACTIVITY 

For each reaction, 5 pmole of biotin labeled substrate DNA was boimd 
tolOOug of Streptavidin coated PVT SPA beads (Amersham Pharmacia 
25 Biotech). 0.26 ng of recombinant integrase was incubated with the beads for 
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90 min at 37C. Unbound enzyme was removed by washing the complex 
followed by addition of inhibitors and 0.1 fmol of P33 labeled target DNA. 
Reaction was stopped by adding EDTA to a final concentration of 10 mM. 
Samples were counted in TopCountiSIXT (Packard) and the CPM was used as 
5 a measure of integration. Reaction condition was as described in A. 

Engelman and R. Craigie , J. Virol. 69, 5908-5911 (1995). The sequences of 
substrate and target DNA were described in Nucleic Add Research 22,1121- 
1122 (1994). Using this assay, representative examples were found to have 
ICso = 0.01 to 50 pM. The table below shows tihie percent inhibition of H[V- 
10 integrase in the presence of 20 fiM of compoxmds 1-79. 



Compound 


% Inhibition 
@20mM 


1 


99.9 


2 


99.9 


3 


99.9 


4 


99.9 


5 


99.8 


6 


99.9 


7 


99.9 


8 


99.9 


9 


99.9 


10 


99.9 


11 


99.9 


12 


99.9 


13 


99.9 


14 


99.7 


15 


99.7 


16 


99.9 


17 


99.9 
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Compound 


% Inhibition 


18 


99.9 


19 


99.9 


20 


99.9 


21 


99.9 


22 


99.9 


23-A 


99.9 


23 


99.9 


24 


99.9 


25 


99.9 


26 


99.9 


27 


99.9 


28 


99.9 


29 


99,9 


30 


99.9 


31 


99.9 


32 


99.9 


33 


99.9 


34 


99.9 


35 


99.9 


36 

.. . 


92 


37 


99.9 


38 


99.9 


39 


99.9 


40 


99.9 


41 


99.9 


42 


99.9 


43 


99.9 


45 


99.5 
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Compound 


% Inhibition 


46 


99.3 


47 


99.9 


49 


98.5 


50 


92 


51 


99.9 


52 


86 


53 


99 


54 


99.9 


55 


99.9 


56 


88 


57 


99.9 


58 


99.5 


59 


99.9 


60 


99.7 


61 


99.3 


62 


97.7 


63 


12 


64 


99.7 


65 


99.9 


66 


99 


67 


96.5 


68-A 


4.5 


68 


12 


69 


97 


70 . 


99.8 


71 


99.9 


72 


98.8 


73 


10 
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Compound 


% Inhibition 
@20 uM 


74 


97.8 


75 


96.5 


76 


96 


77 


99.8 


78 


99.9 


79 


92.4 



Inhibition of HIV replication 

Cell culture assays were performed using a single cycle, recombmant 
HIV virus expressing Reneila ludf erase. Anti-viral, activity was evaluated by 
5 measuring the production of luciferase in the infected cells 5 days post- 
infection. Susceptibility of the virus to compounds was determined by 
incxibation in the presence of the serially-diluted compound. The 50% 
effective concentration (EC50) was calculated by using the exponential form 

of the median effect equation where (Fa) = 1/[1+ (EDso/drug conc.)i^]. 
10 Representative compounds of this invention tested in tiiis assay have 

ECso's of approximately 0.01 to 150 pM. 
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CLAIMS 



What is claimed: 



5 1. A compound of Formula I, or pharmaceutlcally acceptable salts or 

solvates thereof 



R2 



r3 



I 



10 wherein: 
Riis 

-phenyl substituted with 1-3 

-naphthyl, furanyl, thienyl, pyridyl, or imidazolyl xinsubtituted or 
substituted with 1-3 R^, 
15 -Ci-Ce alkyl-aryl urisubtituted or substituted with 1-3 R^, or 

-C1-C5 alkyl-Oaryl unsubtituted or substituted with 1-3 R^; 

R2is 

-H, 

-Ci-Ce alkyl, 

20 -aryl unsubstituted or substituted with 1-3 R^ or 

-C1-C6 alkyl aryl unsubstituted or substituted with 1-3 R*; 

R3is 

-Ci-Ce alkyl, 

25 -C1-C6 alkyl-aryl unsubstituted or substituted with 1-3 R, or 

-OR9; 
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is independently selected from 
-halo, 
-CN, 

-C1-C6 alkyl, 
5 -C3-C6 cydoalkyl, 

-Ci-Ce haloalkyl, 
-OR5, 

-CO2R6, 
-N(R7)(R8), 

10 -CON(R7)(R8), 

-SR5, 

-SOCi-Cealkyl, and 
-SOzCi-Cealkyl; 

R5 and R^ are independently selected from -H and -Ci-Ce alkyl; 
15 W and R^ are independently selected from -H and -Ci-Ca alkyl, or NR^^ is a 

heterocycle selected from pyrrolidine, piperidine, 
4-hydroxypiperidine, morpholine, thiomorpholine, piperazine, and 
4-me thylpiperazine ; 

R9is 
20 -H, 

-Ci-Cio alkyl, 

-Ci-Q alkyl-aryl, 

-C2-C10 alkyl-OR5, 

-Ci-Cio alkyKZOaR^ 
25 -Ci-Cio alkyl-N(R7)(R8), 

-Ci-Cxo alkyl-CON(R7)(R8), or 

-Ci-Ce alkjrl-heterocyde where the heterocycle is selected from 
pyrrolidine, piperidine, 4rhydxoxypiperidine, morpholine, 
thiomorpholine, piperazine, 4-methylpiperazine, and 
30 thiazinanedioxide; 
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is selected from the group consisting of 
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RIO is 
5 -H, 

-Ci-Ce alkyl, 
-cycloalkyl, 
-Ci-Ce alkyl-aryl, 

-phenyl unsxibstituted or substituted with 1-3 R^^, 
10 - benzofuran^ dihydrobenzofuran, benzodioxane, or 

-heteroaryl selected from furaa, thiophene, pyrrole, imidazole, 
oxazole, thiazole, and pyridine; 

Riiis 

-Ci-Ce alkyl, 
15 -cycloalkyl, 

-aryl unsubstituted or substituted with 1-2 R^, 

-Ci-C6 alkyl-aryl imsubstituted or substituted wifli 1-2 R^, 

-Ci-Ce alkyl-heteroaryl where the heteroaryl is selected from furan, 
thiophene, pyrrole, imidazole, oxazole, thiazole^ and pyridine, 
20 -Ci-C6 alkyl-NRTRS, 

-Ci-Q alkyl-OR5, 

-Ci-Ce alkyl-P(0)(OR6)2, 

-Ci-Ce alkyl-C02R6, or 

-Ci-C6 alkyl-C(0)N(R7)(R8); 

25 BPis 



halogen, 
•Ci-Ce alkyl, 
-C1-C2 haloalkyl. 
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-C1-C3 iMoalkyl, 

tetrahydcofuran, 
dihydrop3n:an^ 
5 -NSTSP, 

-CONR7R8, or 

-CONHCHaPh where Ph is unsubstituted or substituted wititi 1-2 R^; 

Ri3is 
10 -H, 

-Ci-Ce alkyl, 

r 

-C1-C6 fluoroalkyl, 
aUyl, 

propargyl, 
15 phenyl, 

benzyl, 

-COCi-Cealkyl, 

-CH2CO2R6, or 
-CH2CONR7R8 

20 

2. A compound of claim 1 where R^ is phenyl substituted with 1-3 R'* or 
Ci-Cfi alkylaxyl unsubstituted or substituted with 1-3 R'*, R2 is H, and R^ is 
halo, CN, Ci-Cfi alkyl, Ci-Ce haloalkyl, ORS, C02R^ or NR^RS. 

25 3. A compound of claim 2 where R^o is H or phenyl unsubstituted or 
substituted with 1-3 R*. 

4. A compotmd of claim 3 where R^ is OR^^. 
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5. A compound of claim 3 where R^^ is Ci-Ce alkyl or 
Ci-Ca-alkyl-heterocycle where the heterocycle is selected from pyrrolidine, 
piperidine, 4rhydroxypiperidine, morpholine, thiomorpholine, piperazine, 
4-methylpiperazine/ and thiazinanedioxide. 

6. A compoimd of claim 1 selected from the group consisting of 



4-hydroxy-5H3XO-l-(2-[4-methylpiperazin-l-yl]ethyl)-2,5-dihydro-lH- 
p)m:ole-3-carboxy]ic add (3,4-dichlorobenzyl)-methyl-amide; 

10 

4-hydroxy-5<)xo-l-(2-[morpholin-l-yl]ethyl)-2,5Hiihydro-lH-p^^ 
3-carboxylic acid (3,4-dichloroben2yl)-methyl-amide; 



4-hydroxy-5HDXo-l-(2-[morpholin-l-yl]ethyl)-2,5-<iihydr^ 
15 3-carboxyHc acid (3,4-dimethyIbenzyl)-methyoxy-amide; 

4-hydroxy-5<>xo-l-(2-[morpholin-l-yl]efhyl)-2,5-dihydro-lH-py^ 

3- carboxylic acid 3-(4-£Luorophenyl)prop-l-yl-methyoxy-amide; 

20 4-hydroxy-5K)xo-l-methyl-2,5-<iihydro-lH-pyrrole-3-c^ acid 

(3,4-dichlorobenzyl)-methyl-amide; 

4- hydroxy-5-oxo-l-methyl-2,5-dihydro-lH-pyrrole-3<arbox^ 
(3,4-dichlorobenzyl)-methoxy-amide; 

25 

4-hydroxy-5-oxo-l-methyl-2,5-dihydro-lH--pyrrole-3-carboxylicacid 
(3,4rdimethylbenzyl)-methoxy-amide; 



30 



4-hydroxy-5-oxo-l-methyl-2,5-dihydro-lH-pyrrole-3-carboxylicacid 
(4-fluoro-3-methylbenzyl)-methoxy-amide; and 
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4-hydroxy-5K)xo-l-methyl-2^Kiihydro-lH-pyrr add 
(3-fluoro-4-methyIbenzyl)-methoxy-amide. 



7. A pharmaceutical composition comprising a compound of Claim 1, or 
a pharmaceutically acceptable salt or solvate thereof, and a pharmaceutically 
acceptable carrier. 



8. The pharmaceutical composition of Qaim 7, further comprising a 
therapeutically effective amount of one or more other HIV treatment agent 
10 selected from 

(a) an HIV protease inhibitor; 

(b) a nucleoside reverse transcriptase inhibitor; 

(c) a non-nudeoside reverse transcriptase inhibitor; 

(d) an HIV-entry inhibitor; 
15 (e) an iimnimomodulator; 

(f) or a combination thereof. 



9. A method of inhibiting HIV integrase which comprises administering 
a therapeutically effective amoxmt of a compound of Claim 1, or a 
20 pharmaceutically acceptable salt or solvate thereof, to a mammal in need of 
such treatment. 



10. A method of treating an HTV infection in a patient in need thereof, 
comprising the administration of a therapeutically effective amount of a 

25 compoimd of Claim 1, or a pharmaceutically acceptable salt or solvate thereof 
to the patient. 

11. A method of tiierapeutically treating AIDS or ARC in a patient in need 
thereof, comprising the administration of a therapeutically effective amovint 



wo 2004/004657 PCTAJS2003/021371 

330 

of a compound of Claim 1, or a pharmaceutically acceptable salt or solvate 
thereof, to the patient 
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